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1.00 INTRODUCTION

1.10 AUTHORIZATION

The Massachusetts Department of Environmenta Management (DEM) - Office of Water
Resources (OWR) has contracted GZA GeoEnvironmental, Inc. of Newton Upper Fals,
Massachusetts (GZA) to conduct a study on the Status of and Potentia Impacts on the Water
Budget for the Weir River watershed - DEM Contract 452. This study was conducted in
conjunction with the Massachusetts Executive Office of Environmenta Affars (EOEA)
Watershed Initiative, which gathers essentid data and information needed for planning future
watershed management. This report is subject to the Limitationsin Appendix A.

1.20 PURPOSE

The purpose of this study was to prepare an inflow / outflow andyss for the Wer River
watershed and its subbasins (i.e,, sudy areg). This andyss consdered the potentia human and
natura influences which affect the overall water budget of the sSudy area.  Factors considered
include, among others, dimate and wegather patterns, watershed characteristics, groundwater and
surface water hydrology, loca flora and fauna, water supply withdrawas, populaion, and
anticipated growth. By andyzing the quantities of water entering and exiting the watershed, a
water budget was estimated which accounts for available water resources in and around the Weir
River and its tributaries.  Such an andysis was conducted for both average and drought
hydrologic conditions and used to evduae current water supply withdrawals and draw
conclusions as to potentid future impacts of withdrawas on streamflow and growth within the
watershed and surrounding water use aress.

The average and drought water budgets were then used to assst in assessing the stresses to the
living aguatic resources of the watershed. Fish, macroinvertebrates, and wetland communities dl
require access to adequate water to flourish. By sampling and categorizing the types of aguetic
flora and fauna present in the watershed, and evaluating the water resources available for aguatic
plants and animas, potentia stresses and risks were identified. By making estimates of growth
and development in the watershed, the future state of the Weir River water budget was aso
evduated. Such predictions give indications of the ability of the area’ s water resources to provide
for continued water supply withdrawals while smultaneoudy supporting natural agquetic habitats
and ecosystems.

This study was designed as a first step in asssting watershed planners, locd governments, state
regulators, private industry, and loca stakeholders in identifying key water resources management
Issues in the Welr River watershed. As growth continues and demand expands, careful planning
is needed to manage and protect the stat€’'s water resources in a sustainable and beneficia

manner.



1.30 SCOPE

To meet the purposes of the project, the Weir River watershed study has been divided into five
main tasks.

1.31 Gather and Review Exiging Information

This task involved the collection and review of existing reports and data relevant to the
sudy, as well as conducting interviews with key watershed stakeholders.  Sources of such
information include the DEM, DEP, the Towns of Hingham and Norwell, the Aquarian Water
Company of Massachusetts (AWC) (formerly Massachusetts- American Water Company ), the
U.S. Geologicd Survey (USGS), and others. As a part of this task, a bibliography of pertinent
sources has been produced and included in this report.

1.32 Devedop Background and Site Description from Exigting Information

Usng the collected information, a general description of the watershed has been
produced. Thisincludes the delinegtion of the watershed and its subbasins as well as descriptions
of the topographical, hydrological, and geological characteristics of the area. A description of
development in the watershed has also been produced which encompasses information such as
existing population, land usage, water supply, sewerage, and projected growth rates.

1.33 Hydrologic Impact Assessment

A generd andysis of available hydrologic data has been conducted to develop basic
datistical information about the water resources of the Wer River watershed. Available
information has been summarized and diolayed in various tables, figures, and GIS databases.
Ranfdl, flow rate, and other data have been andyzed to identify probability distributions and
average vaues. Both surface water and ground water resources have been categorized,
quantified, and described in terms of generd water quaity. Additiond information on streamflow
rates has been collected in the fidld to supplement existing data.

By combining the hydrologic andyds with information on the development and utilization
of water resources in the Welr River watershed, catchment-wide water balance estimates were
produced. The water baance accounts for inflows to and outflows from the watershed and
describes, to alimited extent, the interna usage of the water. Along with the development of the
water balance as it currently exists, additiona budgets were prepared which examine the
watershed in different states of development. Using the water balances, a modd was created to
assg in predicting average streamflow characteristics such as flow, depth, and \docity of the
Waeir River under different conditions, including the “virgin” watershed condition and projected
future demand condition. The virgin condition refers to the watershed in its hypothetica “ naturd”
date prior to modern human inhabitation and humanmade development projects and
withdrawals.



1.34 Living Aquatic Resources Assessment

Information on aguatic flora and fauna has been collected to determine the types of
species present in the watershed. This data was supplemented with in-stream and wetland
sampling. Information on the living aguatic resources was evauated in conjunction with the Welr
River sreamflow moded to assess the effects of different flow conditions on aguetic habitat and
baseflow needs.

1.35 Concdlusons

Based on analysis of the collected data, datisticd summaries, and hydrologic models,
severd broad conclusions were developed regarding the sustainability of the water resources of
the Weir River watershed. The generd consequences of water use on available water supplies,
living aquatic resources, and economic growth in the area are discussed. By predicting the most
likely scenario for future water resources development, aress of interest and concern were
identified for additiona study by DEM, local government, and other stakeholders.

1.40 GENERAL LIMITATIONS

This report was prepared as per the scope and purpose developed by the DEM, which was
discussed in Section 1.30. This study, and the pardle study in the Nashua watershed, are the
firg of ther kind to be undertaken as a part of the Massachusetts Watershed Initiative (MWI).
The god of the MWI is to implement a watershed approach to outreach, research, assessment,
planning, implementation, and evaduation. The MWI acknowledges as a key to successful
program implementation the co-leadership roles of the state, watershed associations or other
citizens groups, the business community, and municipaities. This report should be seen as a tool
to be used by these stakeholders.

In generd, the first portion of this report provides a broad overview of both the natural features of
the watershed and the leve of development. This information is intended to inform stakeholders
as to what the water resources of the basin are and who the users and beneficiaries of these
resources are.  The second portion of the report presents the results of a generdized water
baance and in-stream habitat sudy. This information is intended to be useful in identifying aress
of concern within the basin, in terms of stresses on both water supplies and aquatic habitat. Itis
hoped that the data generated in the second portion of the report will spur discusson and
interaction between gdtakeholders within the watershed regarding water resources dlocation
priorities.

It is importart, however, to understand the limitations of this sudy. The water balance which was
created is a generdized mode using average conditions and large scae geographic data. Due to
the lack of long term, watershed specific surface water and groundwater data, numerous



parameters had to be inferred from information collected in nearby, smilar watersheds. While
this study used the techniques typicd of Instream Fow Incremental Methodology (IFIM) studies,
afull IHM investigation was not undertaken. No detailed stochastic studies of water inflows and
demands were conducted. No operationa studies of water wells and reservoirs used by the
water supply utilities were performed. While these types of investigations are generdly used by
water suppliers to evauate the capacities of their systems to meet demand, the current report
deds with the more quditative interaction between water supply and the environment.

1.50 ACKNOWLEDGEMENTS

The project team would like to acknowledge the work and assistance of severd individuas who
were invaduable in the preparation of this sudy and report: Ms. Linda Marler and Mr. Mike
Gildesgame of the Department of Environmental Management; Mr. Rich Kleiman, formerly of the
Executive Office of Environmentd Affars, Mr. Jeff Bettinger and Ms. Joanne Norton of the
Hingham Water Resources Task Force; Ms. Samantha Woods of the Weir River Watershed
Asociation; Mr. Jack McGuiness of the Norwell Water Department; and Mr. Randy Sylvester
and Ms. Eileen Commane of the Massachusetts- American Water Company. The Project team
members from GZA were Peter Baril, Chad Cox, David M. Leone, Laurie Gibeau, Tim Briggs,
and Chris Wright along with Brandon Kulik of Kleinschmidt Associates.



2.00 WATERSHED DESCRIPTION

2.10 PHYSICAL CHARACTERISTICS

2.101 Generd Watershed Description

The Weir River watershed is a part of the Weymouth and Weir River Subbasin which is
in turn part of the Boston Harbor Basin. The Weymouth and Weir River Subbasin is designated
as 19c on the Massachusetts Water Resource Commission magter list. The location of the Welr
River watershed is shown in Figure 21. Figure 22 shows an agrid orthophoto of the study
area. Figure 23 shows the limits of the watershed on a composite of USGS quadrangle base
maps. The watershed is approximately 15 miles southeast of Boston and encompasses parts of
Plymouth and Norfolk Counties. The Town of Hull is completely within the Sudy area. The
Town of Hingham is largdy within the watershed study ares, as are smdler portions of Cohasse,
Weymouth, Norwell, and Rockland. Mogt of Hull is located on a peninsula which extends north
into Massachusetts Bay. The totd population living full-time within the waershed is
approximately 30,000.

The totd dudy area is gpproximatey 234 square miles, but the sub-catchment
contributing to the nonttidal portion of the Weir River is only 14.8 square miles (63 percent of
totd area) The Weir River is fed by a number of tributaries, of which the most significant are
Accord Brook and Plymouth River/Crooked Meadow River. The length of the Weir River is5.5
miles to Hingham Bay and 2.6 milesto the end of the nont-tidal portion at the Foundry Pond Dam.
The lengths of the Accord Brook and the Plymouth/Crooked Meadow Rivers are about 5.8 miles
and 3.7 miles, respectively. The Weir River drains into Hingham Bay after passing through atida
portion below Foundry Pond. All the mgor watercourses in the watershed are low-gradient and
in generd have well defined channels, broad floodplains, and seasondly varigble flow. The
largest fresh water body of water in the study area is Accord Pond at the southern-most and
highest eevation of the basin. Severd other artificid impoundments and tidal ponds are dso
present. Prominent features of the watershed are presented in Figure 2-4.

The geology of the watershed is typica of the coastal areas of eastern Massachusetts
where much of the soils are of glacid origin. The bedrock is typicaly Dedham Granite. The soil
overlying the bedrock in the eastern portion of the watershed is typicdly glacid till of low
hydraulic conductivity, while in the western portion, the soils condst of more dratified drift
deposited as glacid outwash. Soail type is a mgor factor in the availability of groundwater for
wetlands, streams, and water wells. Sand and gravel deposits have been and continue to be
mined within the watershed. Numerous drumlins gppear as high hills throughout the basin.

The largest land types within the watershed study area are vacant forested areas and
resdentid developments. The Wompatuck State Park and George Washington Town Forest
occupy a sgnificant portion of the upper southeastern part of the watershed. In the past, the
military used areas in and near the watershed for activities such as shipbuilding and munitions



sorage. Hingham Harbor currently supports a marina used primarily by sailboats and other small
vessds. Population dendties in Hingham are less than 1,000 per square mile, but in Hull the

population dengty is over 3,500 per square mile. The mgority of water use in the watershed is
by resdentia users.

2.102 Location

The Weir River watershed is located in eastern Massachusetts in the area commonly
referred to as the “ South Shore” of the Massachusetts Bay. The locus of the watershed is shown
on Figure 2-1. The mgority of the watershed is within Plymouth County with a smdler portion
extending into Norfolk County on both the east and west. The flow of the river is essentidly
south to north. The Weir River proper isformed by the confluence of severd tributary streams as
shown on Figure 2-4. The Plymouth/Crooked Meadow River and Fulling Mill Brook combine
to form the Weir River with the Accord Brook confluence entering further downstream from the
southeast.  The southern boundary of the watershed is roughly dong Route 3 and the northern
boundary at the discharge into Hingham Bay.

There are two areas which do not contribute to the Weir River which are included in the
sudy area. Runoff from much of the area around Hingham Harbor, including the west Sde of the
World's End Reservation, drains directly into Hingham Harbor. Runoff from the Hull Peninsula
flows not only into the Wer River, but dso Hull Bay, Hingham Bay, and directly into the
Massachusetts Bay. While these areas are not grictly part of the physical watershed of the Weir
River, they are connected by proximity and utilizetion. The map coordinate limits of the
watershed are defined in Table 2-1 and are shown in Figure 2-3.

The watershed area is mapped on the “Weymouth, MA” and “Hull, MA” USGS
1:25,000 scae, 7.5 x 15 minute topographic quadrangles. Full watershed coverage on the
USGS 7.5 minute topographic quadrangles requires the “Hull, MA,” “Nantasket Beach, MA,”
“Weymouth, MA,” and “ Cohasset, MA” maps.

2.103 Watershed and Subbasin Areas

The Wer River watershed and its seven (7) main subbasins encompassing about 23.4
sguare miles, are shown on Figure 2-3. Table 2-2 ligs dl relevant planar areas of the watershed.
The bounds of the watershed were obtained from MassGIS as an ArcView shapefile and
reviewed by GZA. According to the topography of the area, the watershed boundary as
provided by MassGIS includes a smdl portion of land which does not contribute to the Welr
River or its tributaries. This portion of the watershed, which accounts for about 3.91 square
miles, drains directly into the bays. The drainage area of the Weir River from Accord Pond to the
Hingham Bay, as ddineated by GZA, is about 19.5 square miles. The suggested corrections to
the Mass GI S base map are also shown on Figure 2-3.

Subbasin areas were obtained from MassGIS, with the subbasin boundaries delineated
by the USGS based on existing USGS stream gages and drinking water supply sources. The



Waeir River watershed has been divided into 7 subbasins including subbasins for the partid-record
USGS dations above Foundry Pond (Subbasin 6) and at the Main Street culvert on the Crooked
Meadow River (Subbasin 4), and the water supply sources of Accord Pond (Subbasin 1), Fulling
Mill Pond (Subbasin 5), and the Accord Brook diverson (Subbasin 3). Details of the drinking
water supply systems and sources will be presented in Section 4.1. The two remaining subbasins
represent the Plymouth River (Subbasin 2) and the watershed beyond Foundry Pond (Subbasin
7). Note the suggested correction to the watershed involves only Subbasin 7. GZA utilized the
MassGISUSGS watershed delinegtions for subsequent hydrologic andyses. However, it is
recommended that MassGISUSGS refine the subbasins to reflect the Tidal and non-contributing
areas of Subbasin 7, which does not appear to be associated with the water resources of the
Werr River.

2.104 Topography

The topography of the watershed is defined by the coastal location and glacid-erahistory
of the region. The generd gradient of the watershed dopes in a generd northerly direction to
Hingham Bay. At the southern end of the study ares, the highest point in the Accord Pond Basin
is approximately 190 feet (58 meters) above he 1929 Nationd Geodetic Verticd Datum
(NGVD), and & the northern end the Weir River empties into Hingham Bay a SeaLeve. The
river distance between these two points is gpproximately 10 miles, making the average gradient of
the Weir River / Accord Brook system gpproximately 0.0032 ft/ft. There are numerous drumlin
hills within the watershed which form prominent landmarks and are dso important as water tank
locations. Severd of the mgor hills and their maximum ground surface devations are liged in
Table 2-3.

2.105 Rivers and Streams

The main watercourse is the Wer River which flows into Hingham Bay and is divided into
tidal and non-tidal sections by Foundry Pond Dam as shown in Figure 2-4. USGS maps show
that the Weir River is formed just south of Hingham Center. Higher in the watershed, the channel
bifurcates with Accord Brook draining the southeast portion of the watershed and Plymouth
River/Crooked Meadow river draining the southwest. Eel Brook contributes to Plymouth River
while Tower Brook and Fulling Mill Brook, which drains Fulling Mill Pond, flow directly into the
Weir River. Smadler tributaries include Rattlesnake Run, which empties into the sdtwater Straits
Pond just south of Hull and Turkey Hill Run, which flows into the tidd portion of the Welr River.
The mgor watercourses flow essentidly year round, though there are sections of streams -
especialy Accord Brook - which go dry during some summer seasons. Table 2-4 ligstherivers
and sreamsin the Weir River watershed aong with pertinent data.

The Weir River was dredged from Foundry Pond to Main Street during a project which
occurred from circa 1954 to 1956. Limited information is available on the project, which was
reportedly atown effort for flood control purposes”.

! Gale Associates, Inc., “Foundry Pond Diagnostic/Feasibility Study,” January, 1992.p.4.



2.106 Lakes and Ponds/ Dams

There are a number of ponds within the Weir River watershed study area. Seven (7)
named freshwater ponds appear on USGS maps of the area, dong with one tidal pond. The
majority of these ponds were artificidly congructed. Accord Pond isthe only maor pond which
is natural. The pond is a kettle pond, which is a depresson formed when glacid outwash is
deposited around a piece of ice left behind by aretreating glacier. When the ice chunk medlts, the
void left behind becomes the kettle lake. Accord Pond has aso been modified by the addition of
adam, constructed by the entity now known as the Aquarion Water Company of Massachusetts
(AWC) to increase its storage volume.?

Accord Pond is located in the far southern portion of the watershed at the head of
Accord Brook and the highest elevation of the watershed. The pond is used for water supply and
Is therefore not normaly available for other activities such as fishing or boating. Accord Pond is
by far the largest of the two surface water storage stes in the watershed, the other being the
Fulling Mill kettle ponds. The Massachusatts American Water Company owns the pond area
and maintains an intake pump station near the dam on the northern side of the lake. Further detall
on the operations of Accord Pond is given in Section 4.21.

The other sources of surface water storage are the unnamed infiltration ponds at Fulling
Mill. These saven (7) ponds were likely kettle ponds which were artificidly enlarged. Water
from Accord Brook is diverted via pipeline into these ponds where it is stored until withdrawn via
infiltration trenches congtructed beneath the ponds. Water is stored underground in a cistern,
which is referred to as Fulling Mill Wdl.  Fulling Mill Pond is not directly connected to this
system, but does influence / is influenced by the groundwater level changes caused by the water
supply system (i.e.,, water diverted from Accord Brook and/or withdrawn from the Fulling Mill
Well).

Cushing Pond was created by the impoundment of the Plymouth River by a privatey
owned dam. The river flowing out of Cushing Pond is the Crooked Meadow River. The pondis
used for recreational purposes.

Triphammer Pond is on Accord Brook, just upstream of the Brook’ s confluence with the
Wer River. The Town of Hingham owns the dam and mogt of the surrounding area, while much
of the other nearby land is either owned by the Metropolitan District Commission or is a part of
Wompatuck State Park. The pond is said to have been created in 1680°, The spillway and
outlet works have been recently repaired. The pond is used for recreation and as wildlife habitat.
A fish ladder near the spillway has been congructed to dlow for the upstream migration of

? United States Army Corps of Engineers, New England Division, “Phase | Inspection Report: Accord Pond

Dam,” April 1979.
® New England Aquarium, “Management Report for Triphammer Pond,” November, 1995.



anadromous fish such as dewifeinto the pond. Triphammer Pond is very shalow with an average
depth of lessthan 3 feet.

Foundry Pond is on the Weir River and is impounded by an 11-foat high dam which
forms the boundary between the tidd and non-tidal portions of the river. The pond (dlso called
Forge Pond) was created in the late 1700s* and was used a various times by an iron foundry, a
wool scouring plant, and an ice company. Since the 1950s, it has been used primarily for
recreation and wildlife habitat and is owned by the Town of Hingham. A fish ladder a the dam
alows anadromous fish to pass over the dam from the tidal section of the river into the pond and
further upstream. Foundry Pond Dam was recently rehabilitated, with work completed on the
sillway and low leve outlet. The pond itsdlf suffers from sgnificant Sitation and eutrophication
problems.  The Hingham Consarvation Commission is currently investigeting the possbility of
dredging Foundry Pond.

Straits Pond is located between North Cohasset and Hull. A smal dam separates the
pond from the tidd portion of the Wer River. The dam is a control structure with automatically
controlled gates that maintain the level of Straits Pond during the fluctuation of the Weir River and
prevent excesstidd surge from causing high water in the pond.

Mill Pond, athough part of the study area, is outsde of the Wer River watershed and is
located immediatdly south of Hingham Harbor. Hatch Pond is a smal pond located east of
Accord Pond. It appearsto drain viawetlands into Accord Pond.

Table 2-5 ligs the mgor ponds in the Weir River watershed study area dong with
pertinent information about each. Table 26 presents data on the dams which impound the
ponds.

2.107 Coves, Harbors, and Bays

The Weir River watershed borders on the coast and interacts with a number of tidal and
marine water bodies. The Weir River discharges into Hingham Bay, which aso receives the
waters of the Weymouth Back River and the Weymouth Fore River. Hull Bay, which is south
and west of the Hull Peninsula, is contiguous with Hingham Bay. Allerton Harbor is within Hull
Bay. Hingham Harbor opensinto Hingham Bay and is the site of amarina used primarily by small
private and commercid vessels. Broad Cove empties into Hingham Harbor. Beyond Paddocks
Idand and the northern portion of Hull, Hingham Bay joins with the larger Massachusetts Bay.

The tiddl portion of the Weir River is dso used for navigation. A channd within the river
provides access to the Town of Hull’s Nantasket Pier. The minimum channd depth is currently
gpproximately 6 feet below mean low water; however, on August 31, 1999, the U.S. Army
Corps of Engineers issued public notice of a proposa to dredge the channd to increase the
minimum depth to 10 feet.

* Gale Associates, Inc. “Foundry Pond Diagnostic / Feasibility Study”
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2.108 Tides and Coastal Features

The tiddl range in the Weir River estuary is dgnificant. The river below Foundry Pond
Dam is subject to tidal action. Average tidd difference between mean low water and mean high
water in the Weir River is approximately 12 feet. Tidd flats and sdt marshes below the dam
cover gpproximatdy haf of the 950-acre totd area. Thistidd area dong the Weir River below
the dam, dong with Straits Pond, was designated in 1986 as an Area of Critica Environmentd
Concern (ACEC).> The ACEC designation is further discussed in Section 2.111.

The Weir River watershed study area contains gpproximately 29.3 miles of coastling,
including the banks of the tidal portion of the river. The shores of the Hull Peninsula account for
mogt of this total. Numerous idands exist just offshore of the Sudy area. The largest of these is
Paddocks Idand. Among the other idands are Hog (Spinnaker), Bumkin, Grape, and Langlee.

2.109 Geology

The Weir River watershed is underlain by four basic varieties of bedrock. Theseinclude
Sdem gabbro diorite and Dedham granodiorite?, which are smilar types of granite and are
igneous rocks formed gpproximately 350 million years ago; the Mattapan volcanics are aso
igneous rocks; and the Roxbury conglomerate is a sedimentary stone. Within the study area there
are numerous rock outcrops as well as areas where the bedrock is overlain by a thin layer of
overburden soils. Thisistrue mogtly in the eastern portion of the watershed in the Cohasset area.
Conversdly, in the southern and western parts of the watershed, the depth to bedrock reaches a
maximum of 90 feet’. Granite quarried from the Plymouth River areas has been used for many
architectura gpplications.

Like much of the rest of New England, the suficid geology of the Weir River watershed
was heavily influenced by glacid action during the lagt ice age. Glaciers in the Pleistocene Epoch
deposited till onto the ground benesth the ice. This type of soil is generally compact, poorly
sorted (well graded) materia congsting of a wide range of clay, slt, sand, gravel, and cobbles.
Thistype of materid is generdly quite dense and reatively impervious. Thetal streamlined hills of
the project area are drumlins composed primarily of till shaped by successive waves of glaciad
advance. Asthe glaciers retreated for the last time, about 10,000 years ago, they aso deposited
materid in the form of outwash carried by mdtwater. These formations are known as kames,
eskers, and outwash ddtas and plains® Collectively these depodits are generdly referred to as

® Massachusetts DEM website, http://www.state.ma.us/dem/programs/acec/index.htm.

® Emerson, B.K. Geology of Massachusetts and Rhode Island. USGS Bulletin 597, Washington, 1917.
" Gale Associates, Inc. “Foundry Pond Diagnostic/Feasibility Study.” Jan. 1992.

& Hamblin, W. K. and Christiansen, E. H. Earth’s Dynamic Systems, 8" ed. Prentice Hall, NJ, 1998.
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dratified drift because they are varying layers of well sorted (poorly graded) materid. The
velocity of flow determined the capacity of outwash water to carry soil particles of differing szes.
Seasond and other climatic variation caused fluctuation in outwash flow velocities and therefore
the sze of soil particles deposited and carried awvay. In generd, the dratified drift which filled the
ancient valeys, such as the one under the Wer River, are composed of relatively coarse sands
and gravels. These deposits are very pervious and generdly favorable to the development of
groundwater supplies. Much of the sand and gravel deposts in the Hingham area are thought to
have been deposited n Glaciad Lake Bouve, which covered much of Hingham, Weymouth, and
Quincy’. Portions of the watershed adjacent to streams congst of floodplain dluvium.  Alluvium
is aterm which refers to detritd materid deposited permanently or temporarily by streams. It is
an unconsolidated layer of gravel, sand, slt, and/or clay which gpplies to stream channds and
floodplains. Figure 2-5 shows the surficid geology of the watershed.

The surficid geology of the Wer River watershed is bascdly divided into two distinct
sections dong a line which runs north-south through the basin. The eastern section of the
watershed is primarily till directly over bedrock. This type of sratigraphy generdly leads to low
infiltration and high runoff rates. Precipitation which fals on this area flows away in intermittent
sreams or collects in the valeys and lowlands where more pervious soils are common and
wetlands form.  The western sections of the watershed generaly contain dratified drift deposits
which are both wider in extent and deeper than on the eastern Sde. This materia is much more
conducive to infiltration and therefore supports productive aguifers. Groundwater outflow from
these depogits supply baseflow to the streams of the watershed, though in some areas induced
infiltration, causing discharge from the streams to the aguifer occurs during some periods of low
precipitation and heavy pumping.

2.110 Soils, Land Use, and Hydrologic Characteristics

Sail types and land use classfications are an importart part of the watershed description
because they influence the amount and, often times, the qudity of water which runs off into
sreams and rivers and infiltrates into the soil. Detalled soil types were obtained from the Soll
Conservation Service (SCS) il Survey of Plymouth County. Land use classficaions were
obtained from MassGIS. Surficid geology coverage information, which generdizes soil typesinto
sand and grave, till and bedrock, and floodplain dluvium, was aso obtained from MassGIS.
Figures 2-5 and 2-6 show surficid geology and land use for the watershed, respectively.

Sand and gravel deposits are common throughout the western portions of the watershed.
Three dominant soil types, Quonset sandy loam, Merrimac sandy loam, and Hinckley gravely
loamy sand cover the mgority of the wel-drained sand and gravel watershed area.  Till and
bedrock are prevaent in the eastern portion of the watershed and typicaly are not as conducive
to the infiltration of water as sand and grave. Hallis-Charlton rocky, sandy loam, Gloucester
very sony fine sandy loam, and Brockton extremely stony loam are the mgor soil types in this

® Skehan, James W. Roadside Geol ogy of Massachusetts. 2001.
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area’® Thereis ardaivdy smal amount of floodplain dluvium in the form of shalow and dep
muck surrounding the Weir Rver and its tributaries. Table 2-7 lids, in generd terms, the area
and coverage of soilsin the watershed. Figure 2-7 graphicaly displays soil type distribution.

Land usss in the watershed are generdly split into resdentid and wooded. Other
pertinent land uses in the watershed include:  urban open land, commercid land, wetlands, and
recregtiond land. Table 28 lids, in generd terms, the area and coverage of land use in the
watershed. Figure 28 grephicaly displays land use digtribution.  Land use data was obtained
from MassGIS. The data was compiled from aerid photography in 1990 and interpreted by the
Resource Mapping Project a the Universty of Massachusetts at Amherst. Comparison of the
land usage figures with the zoning data shown in Section 2.28 and on Figure 2-9 show most of
the land which is now wooded is actualy zoned for resdentia use.

The nature of the soils and relatively undeveloped character of the western portion of the
watershed result in the overal watershed being relatively wel-draning with farly high infiltration
rates.

2.111 Horaand Fauna

The Wer River watershed provides habitat for a variety of flora and fauna The
watershed contains many important natura wildlife aress, induding an Area of Criticd
Environmental Concern (as designated by the DEM), verna poals, and rare species habitat. The
river dso provides for anadromous fish runs, dlowing species of fish that live in the sea to return
to inland waters to spawn. Figure 2-10 shows sendtive environmentd areas and wildlife habitats
in the watershed contain in the MassGIS database including the following: Aress of Criticd
Environmenta Concern, Outdanding Resource Waters, Shelfish Sampling Locations,
Anadromous Fish Runs, Edimated Habitats for Rare Wildlife, and Massachusetts Certified
Vernad Pools.

Vegetdive cover of the Wer River watershed is dominated by forest land including the
Wompatuck State Park and the Hingham Town Forest. Figure 2-6 shows the land use
characteristics of the watershed.

According to the Massachusetts Naturd Heritage Atlas (1997-98), there are two
certified vernd pools, two estimated habitats of rare wildlife, and one priority Ste of rare species
habitat and exemplary natura community within the sudy area.  In addition, the atlas shows
edtimated habitats of rare wildlife on Hog and Grape Idands, and priority sites on Hog, Grape,
Paddocks, and Bumkin Idands.

The Weir River and its tidd flats downstream of the Foundry Pond Dam to the mouth of
the river at Hngham Bay, including Straits Pond, have been designated as an Area of Criticd

9 United States Department of Agriculture, Soil Conservation Service, “ Soil Survey: Plymouth County,
Massachusetts,” July, 1969.
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Environmental Concern (ACEC)". The approximately 950 acres of the Weir River ACEC
contains one of the most extengve sdt marsh systems in the greater Boston metropolitan area.
The area around the ACEC is subject to development pressure. The size of the ACEC, unlike the
many small pockets of marshland that dot the urban landscape, supports over 100 migratory and
resdent bird species, as well as numerous smal mammals. An abundance of shdllfish have been
harvested higtorically, and continue to feed the bird populations. The marshes and flats are aso
nursery and feeding areas for awide variety of finfish, including aewives, smelt, flounder, bluefish,
and striped bass. Flood protection is provided by the flood plains of this estuarine system.

Although not included within the boundary of the ACEC, two important recreationd
aress abut the areac Nantasket Beach, a designated barrier beach, and "World's End," a park
owned and managed by the private, nonprofit organization “ Trustees of Reservations.”

Shellfish beds are located off the coastal portions of the study areaand in the tidal section
of the Weir River. The Weir River and Accord Brook support anadromous fish runs as far inland
as Triphammer Pond, about 5 miles from the mouth of the Weir River.”> A public fishery was
established in the river by the legidature in 1805 on the bags of the smet and dewife runs. The
dams in the watershed have severdly redtricted the runs, but the fish ladders at Foundry Pond
Dam and Triphammer Pond Dam are meant to make upstream fish passage possble. Fish
sampling by the Massachusdtts Divison of Fisheries and Wildlife (DFW) in 1988 found
Largemouth bass, Chain pickerd, Bluegill, Alewife, Black crappie, and Brown bullhead in
Foundry Pond. The New England Aquarium sampled Triphammer Pond in the Fal of 1995 and
found Largemouth bass, Bluegill sunfish, Pumpkinseed sunfish, Banded sunfish, Black crappie,
Golden shiner, Chain pickerd, and Swamp darter. DFW reports from 1996 lists American edl
and Redfin Pickerd as having been present in Accord Brook and American ed, Chain pickerd,
Golden shiner, White sucker, Brown bullhead, Pumpkinseed sunfish, Bluegill sunfish, Smalmouth
bass, Largemouth bass, and Yéelow perch as having been found in Accord Pond. The DFW
reports were included with a letter from DFW to the Hingham Conservation Commission which
dated that Accord Brook, “probably sustained a wild brook trout population and possibly an
aewife run before the area was developed.”” Both the Plymouth River and the Weir River are
listed by the DFW on its 1999 list of springtime “trout stocked waters.”**

The area surrounding Accord Pond is classified as an Outstanding Resource Water under
the Massachusetts Surface Water Quality Standards of 1995. According to 314 CMR 4.00:
"Certain waters shdl be desgnated for protection under this provison in 314 CMR 4.06(3)
including Public Water Supplies [such as Accord Pond] (314 CMR 4.06(1)(d)1.). These waters
conditute an outsanding resource as determined by thelr outstanding Socioeconomic,

' Secretary of the Executive Office of Environmental Affairs. Areaof critical environmental concern— Weir
River. http://www.state.ma.us/dem/programs/acec

2 New England Aquarium, “Management Report for Triphammer Pond,” November, 1995.

3 Massachusetts Division of Fisheries and Wildlife, Steve Hurley Personal Correspondence, March 11, 1996.
4 Massachusetts Department of Fisheries, Wildlife, & Environmental Law Enforcement, “ Massachusetts
Trout Stocked Waters, 2000,” http://www.magnet.state.ma.us/dfwel e/dfw/dfwsttrt.htm.
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recregtiona, ecologica and/or aesthetic vaues. The quaity of these waters shdl be protected and
maintained." The GIS data layer was qudity-checked by the DEP Wetlands Conservancy
Program Staff.

2.20 DEVELOPMENT

2.21 Higtory®

The firgt settlersin the study area were likely Native Americans of the Algonquian Nation.
The earliest archeologicd evidence of human activity in Massachusetts dates to approximately
3,000 years ago. Among the earliest Europeans to immigrate to North America were the
Filgrims, who landed a Plymouth, just 30 miles south of the Sudy areg, in 1620. The Plymouth
Colony established a post for trading with locd Indians in the Hull areain 1621. By 1635, the
Towns of Hingham and Weymouth had been incorporated. The area figured prominently in the
War of Independence due to its strategic location and harbors.  Revolutionary-era industries
incdluded fishing, shipbuilding, agriculture, mills, and commerce.

In the 19" Century, the areas around the shore were especidly popular with tourists from
Bogton. At the same time, Rockland was famous for shoe manufacturing — it being said thet the
town's factories shod hdf the Union Army. With the art of the World War 11, military-related
industry became the most important activity in the sudy area and surrounding locales. Between
1942 and 1945, the Hingham Shipyard built 227 ships for the U.S. and British Navies. Many of
the ships were LSTs (Landing Ship, Tank) used in the invasion of Europe a Normandy. At its
height, the shipyard employed more than 23,000 workers. Military Sites, including storage depots
and air defense systems, continued to be located in the area throughout the years of the Cold
War.

After the Second World War, the character of the area began to change with the
suburban building boom of the 1950's. The towns in the watershed trangtioned to resdentid
communities supporting commuters working in the Boston area. Between 1950 and 1955, the
population of Norwell admost doubled. Mog of the area currently maintains a suburban
resdentia character, but aso retains significant areas of forest and park lands. These aress,
aong with activities on the shore, aso attract summer visitors.

2.22 Citiesand Towns

The study area overlaps two Massachusetts counties, Plymouth and Norfolk, and
includes at least portions of sx (6) municipdities:  Hingham, Hull, Cohasset, Norwell, Rockland,
and Weymouth. Table 29 shows pertinent information regarding the areas of the towns of the
Weir River watershed.

> Historical information from facts contained in “Massachusetts Facts” website maintained by the Secretary
of the Commonwealth and from “History” sections of Commonwealth Communities town websites.
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2.23 Population

The total population within the watershed is difficult to accurately assess since the basin
boundaries overlap portions of several municipal boundaries. However, based on the land area
of each town within the watershed and its corresponding population density (as per the 2000 US
Census population data and Mass. DHCD land area data), approximately 30,319 people live
with the watershed / study area.  This number increases during the summer due to seasond
resdents in the Hull area where summer homes in the Nantasket Beach area cause a summertime
increase in the population. Hull is the only community in the study area which exhibits sgnificant
seasond population fluctuations™®. Estimates of the seasona population increase in Hull range
from 4,500" to 6,000, Table 2-10 lists the 2000 US census figures for al towns connected to
the study area.

Trends in the population of the area are tracked and used to make predictions for future
growth. These predictions are made by organizations such as the Metropolitan Area Planning
Commisson (MAPC), the Massachusetts Indtitute for Social and Economic Research (MISER),
and others. Projections by MAPC aeliged in Table 2-11. The MAPC projected population
within the study area (proportioned by the land area of each town within the study area
boundaries) is 31,755 in the year 2010 and 32,602 in the year 2020.

The MAPC projections are reasonably smilar to those developed by the DEM Office of
Water Resources and cited in the 1990 Report on the Evauation of the Hingham Water
Company. DEM projected the combined population of Hingham and Hull (without regard to
watershed boundaries) to be 33,100 in 2020, compared to the MAPC forecast of 33,843.

Examination of the population data presented above and in Table 211 shows that the
overdl population of the towns in and around the study area is expected to remain reatively
congtant for at least the next ten years (and possbly even the next twenty years) When
congdered in tota, neither large increases nor large decreases in population are forecast for the
towns of the study area. From 2000 to 2020 the population of the six towns is projected to
increase by atota of only 0.24%. For comparison, the MAPC 20-year (2000 to 2020) tota
growth estimate for the region is 8.67% or 0.84% annudly. However, the population of the study
area itsdf (proportioned by land area of each town within the boundary) is expected to grow by
7.53% or 0.37% annudly. It isimportant to note, however, that the population of the study area
IS not necessarily the same as the number of consumers who draw water from the watershed.
Because of imports or exports of water across the watershed boundary, the service population
may be more or less than the actua population and may change at different rates. This will be
further discussed under the section on Water Balance (Section 4.50).

8 DEM Office of Water Resources, “ Draft: Weymouth and Weir River Basin Vol. I”
1bid.
'8 M assachusetts-American Water Company, “1998 Water Supply Questionnaire”
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2.24 Economy

The hedth of the economy d the watershed study area is important for many reasons.
The gate of the economy can help predict trends in growth, suggest the need for development,
and indicate an ability to pay for improved services, anong others.

Table 212 is aligt of economic indicators for the towns in and around the study area.
The towns of Hingham, Cohasset, and Norwdll dl have median per capita incomes substantialy
above the state average, while Hull, Weymouth, and Rockland are dl close to the state average.
Ancther indicator of the relative prosperity of the communities of Hingham, Cohasset, and
Norwell is the low percentage of total town revenue which is derived in the form of ad from the
State of Massachusetts. These towns obtain an average of 10.4% of their total revenue from the
State, whereas the other three towns receive an average of 29.1% of totd revenue from the
State.™

2.25 Industry

The main sectors of the economies of the towns in and around the study area are
primarily wholesale and retail trade, finance, insurance, and real estate (42.5%) and government
and sarvices (38.9%) as shown in Table 2-13. Manufacturing and heavy industry account for a
much less sgnificant portion of employment (13.7%), and the industries of agriculture and mining
account for very little employment (0.6%).

The commuter nature of much of the employment in the areais confirmed by noting that in
1990 there were 62,039 residents of the six towns listed as employed, but in 1993 only atota of
40,754 people (approximately two-thirds) are employed localy. There are 52% more employed
workers in the towns in and around the study area than there are jobs in these same towns,
suggesting that a sgnificant number of residents work in other municipdities.

The three largest employers in Hingham (as of 1993) were The Tdbots C & S
Adminigrative Services, and Russd Electric. In Hull, the three largest employers were Jake's
Seafood, Riddle' s Supermarket, and South Shore Catering. Super Stop and Shop, The Chart
House (seasonal), and Webb Norfolk Conveyor were the three largest employers in Cohasset.
The two largest employers in Norwell were Wearguard and Relocation Services and the three
largest employers in Weymouth were the South Shore Hospitd, the Town of Weymouth, and
South Weymouth Navad Air Station.  Finally, in Rockland, the three largest employers were the
Rockland Trust Company, the Town of Rockland, and Boston Whaler.®

9 Commonwealth of Massachusetts, Department of Revenue, “FY 2000 Estimated Receipts [ State Aid Cherry
Sheets],” 1999.

% Commonwealth of Massachusetts, Department of Housing & Community Development, “Community
Profile,” http://www.magnet.state.ma.us/cc/hingham.html.
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Mining isavery smal percentage of totd employment, but it is worth noting that sand and
gravel pits and rock quarries have been and continue to be operated in the study area. A number
of the smaller ponds in the area may be abandoned gravel pits or quarries. The sand and grave
pits are scattered across the area of dratified drift surficia geology while the quarries are mostly in
the southwestern portion of the study area.

The proposed redevelopment of the Hingham Shipyard will not sgnificantly dter the
indudtrial base of the region around the study area.  The new development plan cdls for
residential units, retail space, and a hotel.?

2.26 Agriculture

Agriculture accounts for less than 1% of the tota employment within towns in and around
the sudy area. In Hingham and Hull, which make up the bulk of the watershed study area, 1985
Office of Environmental Affairs datalists only 422 acres of land as being used for agriculture. No
cranberry bogs are shown on the USGS quad maps in Hingham or Hull, nor are any growers
listed in the towns in the sixth edition of the Massachusetts Green Book. The Green Book does
list Penniman Hill Farm in Hingham and Welr River Farm was observed to be located upstream
of Foundry Pond.

In Plymouth County, the 1997 USDA Census of Agriculture states that crop sales
account for 97% of the market vaue of agricultura products produced as opposed to 3% for
livestock. The average size of a farm in Plymouth County in 1997 was 100 acres, and the
average value of products sold per farm was $167,605. Statewide, less than 5% of land in farms
isirrigated.

Based on the above generd information, agriculture can be assumed to be only a minor
contributor to the economy of the area and a minima consumer of the water resources of the
basin.

2.27 Transportation

The Weir River does not and has not supported significant navigation in the non-tidd
portions of the river. Recreationa boating in the ponds and channels above the Foundry Pond
Dam is limited to very smdl, shdlow draft boats, athough the dredging upsiream of Foundry
Pond in the 1950's may have been done, in part, for navigation purposes. In thetidal portion of
the Weir River, a channd from Hingham Bay dlows access to the Town of Hull’s Nantasket Pier.
A proposed dredging project will increase the current 6 foot depth of the channd to 10 feet.
Commuter boat service is available from Hingham Harbor to Rowes Wharf, Boston, by Boston
Harbor Commuter Services and Mass Bay Lines.

%! The BSC Group, “Environmental Notification Form: Hingham Shipyard Redevelopment, Hingham, MA,”
July 31, 1998.
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The Wer River watershed is consdered within the Greater Boston Area, which has
extensveral, ar, and highway facilities. State Route 128 (1-95) and Interstate Route 495 divide
the region into inner and outer zones, which are connected by numerous "spokes' providing direct
accessto the airport, port, and intermodal facilities of Boston. The principa highways of the area
are State Route 3, the Southeastern Expressway (Interstate 93), which connects Boston to the
South Shore and the Cape, and State Routes 3A and 228. All towns in the study area are
members of the Massachusetts Bay Transportation Authority (MBTA). Commuiter rail serviceto
South Weymouth is available on the MBTA Kingston/Plymouth line. The proposed Greenbush
commuter ral line will extend service through Hingham Center and Cohasset.  The proposed
condruction of the Greenbush line may have a sgnificant impact of growth and development in
the study area. The Bay Colony Railroad provides freight rail serviceto pointsin the area.

2.28 Zoning

Zoning ordinances in the towns in and around the watershed study area control land use
and development. Figure 2-9 shows a genera zoning map for the study area based on
information avalable from Mass GIS. The vast mgority of the watershed (approximately 81
percent) is zoned for Resdentid use. Areas around public water supply sources are, in generd,
zoned as “Redtricted” which reflects loca openspace and/or drinking water protection bylaws.
Land zoned as Restricted accounts for approximately 11 percent of the watershed. Table 2-14
shows the genera types of zoning designations and aress.

Hingham requires that new single family homes maintain a minimum lot sze of 20,000
square feet. This redriction, dong with other codes contained within the comprehensive plan,
may limit population dendgty in Hingham.

2.29 Growth and Deve opment

Future growth and development in the arealis expected to follow the same trends as the
existing development. The predominance of areas zoned for residentia development indicates
that most future growth will continue to be oriented towards homes for commuters working in
Boston and other urban centers. Totd population within the six towns in and around the
watershed is predicted to decline over the next 10 to 20 years, but the mgority of that declineis
due to population decreasesin Weymouth. If Weymouth is excluded, then population is
predicted to increase.  Since Weymouth accounts for avery small portion of the watershed area
and withdraws virtualy no water from the watershed, water resources planning should account
for expected population growth.

The planned Hingham Shipyard redevelopment project could be a source of significant
growth for Hingham. While not within the sudy area, this project may draw water supply from
the Weir River watershed through the Aquarion Water Company facilities. The Preferred
Development Plan, as stated by the Environmental Notification Form filed under MEPA, dtates
that 550 new residentia units are to be developed, aong with 259,000 square feet of retail space,
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70,400 sguare feet of office space, and an 80 room inn. Assuming a low average for household
Sze (2.5), this development could bring upwards of 1,400 new permanent residents to Hingham,
an increase in population of approximately 6 percent.

Other redevelopment currently underway in the project area is occurring a the so-called
Hingham Annex federd reservation. Thisland is owned by the U.S. Government and was used in
the past for military purposes such as munitions storage and disposd.  Environmentd
contamination of the area is currently being remedied. Upon completion of the clean-up, the land
IS expected to be turned over to the State as part of the Wompatuck State Park. 1t is unlikely
that such a transfer will have significant demand on the water resources of the area, other than
possible water quaity improvements associated with the environmenta clean-up efforts.

The redevelopment of the South Weymouth Nava Airgation in Weymouth will likely not
have a direct effect on the water resources of the Weir River watershed, but it could leed to other
development which could increase demand for water from the Welr River Basin. The proposed
MBTA Greenbush commuter ralroad, which will pass through Hingham, may dso dter the
development trends in the area and could bring more population to the area as options for
commuting into Boston expand.
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3.00 HYDROLOGY

3.10 THEHYDROLOGIC CYCLE

The hydrologic cycle represents the natura process in which water is continualy
circulated and transformed. Figure 31 is a graphica representation of the various dements
which comprise the hydrologic cycle. Precipitation falling on the land surface flows into streams
or other bodies of water in the form of runoff and infiltrates into the ground. Water which
infiltrates into the ground flows dowly through the subsurface and eventudly discharges into
rivers, lakes, or other bodies of water. Most of the water on earth is stored in streams, lakes,
ponds, and, in particular, the ocean. The water is only stored temporarily before it returns to the
amosphere through evaporation. In addition, trees and other vegetation return water to the
atmosphere through transpiration. The combined process of evaporation and transpiration is
commonly referred to as evapotranspiration. As water evapotranspirates into the atmosphere, it
condenses to form clouds where it eventudly will precipitate back to the land surface asthe cycle
continues.

The cycle can be represented by the following equation:
P=(SWgr+ GWg) + ET
where. P = Precipitation
SWr = Surface Water (Direct) Runoff
GWpr = Groundwater Runoff (i.e. baseflow)
ET = Evapotranspiration

3.20 HYDROLOGIC BACKGROUND — GENERAL CHARACTERISTICS

3.21 Climate Stations

GZA collected data from a variety of climate gations in and around the watershed to
describe the hydrology of the Weir River watershed. Locdly, the Nationd Weether Service
(NWS)operates hourly (i.e. recording) rain gages in Boston at Logan Airport; in Milton at the
Blue Hill Observatory; and at the site of the former South Weymouth Nava Air Station. Other
gages in the watershed are cooperative weather stations which record data on a daily bass.
Cooperative stations, also referred to as non-recording stations, in or near the watershed include:
Hingham, Cohasset, Beechwood, and Plymouth-Kingston.? Table 31 ligts the stations of
interest in this study dong with their period of record. The approximate location of the stations
are presented graphicdly in Figure 3-2.

2 United States Department of Commerce, National Oceanic and Atmospheric Administration, National
Climatic Data Center, “ Cooperative Summary of the Day,” Volume 16, June, 1995.
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3.22 Temperature

Detalled temperature information is most readily available for the recording climate gage
in BostorvLogan Airport. Monthly average temperatures in Boston range from 73.5°F in July to
28.6°F in January. Monthly average maximum and minimum temperatures in Boston pesk at
81.8°F in July and 21.6°F in January.® The temperature range in Hingham averages 71.5°F in
Jduly to 27.4°F in January.

3.23 Rainfal

Mean annud and monthly precipitation for the gtations in and around the watershed is
presented in Table 3-2. Stations located closest to the watershed in Hingham, Beechwood, and
South Weymouth have dmilar mean annud and monthly precipitetion. The mean annud
precipitation using these three gages, including the water equivaent of snowfdl, is 48.1 inches,
indicative of the mean annud precipitation for the Wer River watershed. Typica monthly mean
vaues for these gages are @ their lowest in July a 3.18 inches and at their highest in November at
4.92 inches, but in generd precipitation is distributed relatively evenly throughout the year without
large monthly \eriation. Minimum monthly precipitation of 0.35 inches occurred in September,
1957. Maximum monthly precipitation of 18.56 inches occurred in August, 1955, and was
asociated with hurricanes. The mean annud precipitation in the region is 46.9 inches as
computed from the records at the climate stations discussed above. The Cohasset station was
not used in the computation of mean rainfal due to its short, 12-year period of record.

3.24 Snowfdll

The mean annua (Jan. to Dec.) snowfal for the watershed is 47.7 inches as computed
from the records of the climate sation a Hingham. Pesk mean monthly snowfdl typicaly occurs
in the month of February, averaging 13.8 inches. There has not been a recorded snowfal in the
months of May, June, July, August, and September. The maximum monthly snowfdl in Hingham
of 42.7 inches occurred in February, 19609.

3.25 Evapotranspiration

The process of evgpotranspiration is difficult to measure directly and is commonly
computed as the remainder after al other gains and losses have been caculated (i.e., Precipitation
minus Tota Runoff). Monthly average temperature records were obtained for the City of Boston
to quantify evgpotranspiration in the Wer River watershed usng the Thornthwaite equatior”.
The Thornthwaite equation relates evapotranspiration (ET), on amonthly basis, to air temperature
and daylight duration but without regard to ground cover or vegetation. Theoreticd mean
monthly and annua evepotranspiration are presented in Table 3-3.  The mean annual

% United States Department of Commerce, National Weather Service, “Normals, Means, and Extremes: Boston,
MA” http://tgsv5.nws.noaa.gov/er/box/climate/ BOSTON__MA html
Chow, Ven Te, Ed. Handbook of Applied Hydrology. McGraw Hill, NYC. 1964.
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evapotranspiration is computed to be about 26.5 inches. Monthly evapotranspiration vaues peak
in July a 5.49 inches and are negligible when the average dally temperatures are below freezing in
January and February. Thornthwaite calculations are presented in Appendix C.

The ET rates liged in Table 3-3 are potentid evapotrangpiration rates. The amount of
evapotranspiration which actualy occurs is dependent upon the amount of water which fals as
precipitation, and is available for uptake in the root zone. For example, the month of July has a
potentia evapotrangpiration of 5.49 inches. However, if the amount of precipitation is only 1.0
inch and there is no ggnificant water in the root zone, the actud ET will be much less than 5.49.
In the months of June, July, and August, average potentia ET (as shown in Table 3-3) exceeds
average precipitation (as shown in Table 3-2) in the watershed area.

3.26 Extreme Events

The lack of a permanent USGS stream gage in the watershed makes quantifying past
flood flows or drought events difficult. The Weir River watershed is located along the coast of
New England, making it susceptible to hurricanes, ocean storms, and noreasters.  The most
sgnificant flood in the area occurred in 1955 due to Hurricanes Comie and Diane. The
hurricanes accounted for a large portion of the record-setting 18.56 inch rainfal in August of
1955. Severa roads and bridges traversing the Weir River, Crooked Meadow River, and
Plymouth River were overtopped during this storm by 3to 5 feet.

According to precipitation records, drought in the areawas at its worst during aperiod in
the mid-1960s. Minimum annud rainfal amounts throughout the basin occurred in 1965. The
USGS operated a low-flow dream gage on the Weir River between 1969 and 1971 and
between 1989 and 1991. The gage recorded a minimum flow in the Weir River, 0.3 miles
upstream of Foundry Pond Dam, of 0.22 cubic feet per second (cfs) or 0.014 cfs per square mile
(cfsm) in September of 1991.

3.30 SURFACE WATER HYDROLOGY

The Weir River watershed contains severa streams and rivers including the Weir River, Crooked
Meadow River, Plymouth River, Fulling Mill Brook, Tower Brook and Accord Brook. There
are severa ponds which are natura or have been formed by impounding these sreams including
Accord Pond on Accord Brook, Foundry Pond on the Weir River, Triphammer Pond on Accord
Brook, Cushing Pond on the Plymouth River, Fulling Mill Pond on Fulling Mill Brook, and Straits
Pond on an unnamed tributary of the Weir River. Edimates of the amount of water flowing into
and out of these rivers and ponds will form a mgor portion of the hydrologic description of the
watershed.

% Federal Emergency Management Agency, “Flood Insurance Study for the Town of Hingham,” June, 1986.
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3.31 Streamflow

Streamflow records are the basis for estimation of water-supply potential and are used to
edimate mean annud flows, frequency and duration of both high and low flows, and the
magnitude and frequency of floods. The amount of flow in a stream depends on the sze and
topography of the upstream drainage area, precipitation, suficid geology, soil type, vegetation,
evapotranspiration, storage of water, and the influence of development on the syslem. In areas
where inadequate streamflow records exist, these watershed characteristics can be used to
develop regiona descriptions of ungaged watersheds and generate synthetic streamflow data.

The USGS has not maintained any permanent sream gages within the Weir River
watershed. However, low flow, partid record (LFPR) gages were established by the USGS on
the Weir River in order to estimate flow-duration and low flow frequency dtatistics. A low-flow,
partid record stream gage was ingtaled 0.3 miles above Foundry Pond on the Weir River during
the summers of 1969 through 1971 and 1989 through 1991. An additiond low-flow, partid
record gage was indalled a the culvert on Main Street on the Crooked Meadow River during the
summers of 1969 through 1971 and 1994 through 1996%°. Figure 3-4 shows the location of
sream gages in the watershed. USGS is dso currently making monthly nstantaneous flow
measurements at the Rte. 3A bridge as part of awater quality monitoring project.

Fow-duration curves depict the average percentage of time that specific flow rates are
equaled or exceeded a a particular ste. Table 34 contains the dreamflow daigtics which
describe the flow-duration curve for the Weir River and Crooked Meadow River as calculated
by the USGS using data from the LFPR gages, which are the only data available for these basins.
Because this data only covers low flow conditions, it is not possible to use it to extrgpolate flows
greater than the 50 percent exceedence value. Figure 3-3 shows the full-range flow-duration
curves developed by GZA from USGS permanent gage data from severa other smilar
watersheds in Massachusetts. These similar flow duration curves may be compared to the results
obtained from the Weir Basin LFPR gages and used to extrgpolate flows greater than the 50
percent exceedence. These other watersheds were selected based solely on similar watershed
area and surficid characterigtics (i.e., the percent of the watershed underlain by dratified drift,
which can affect base flow) in the sudy area. Discrepancies between estimates for the Welr
River and the other watersheds are potentialy due to differences in water withdrawas, land use
characterigtics, dratified drift / soil types, water withdrawas and diversions, and regulation of flow
by dams. Table 3-5 ligs other USGS gages located in Smilar watersheds. A flow of 23 cfsfor
the Weir River a its confluence with Hingham Bay was obtained for the 50 percent exceedence
probability when using the regiond regresson esimate. This estimate is higher than the estimate
of 13 cfs based on the LFPR given by the USGS for the Weir River above Foundry Pond;

% USGS, “ Streamflow Measurements, Basin Characteristics, and Streamflow Statistics for Low-Flow Partial
Record Stations Operated in Massachusetts from 1989 Through 1996 Northborough, MA, 1999.
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however, the LFPR estimate did not consider the entire Welr River drainage area (nor did GZA
extrapolate the LFPR estimates in the USGS report to those of less than 50 percent exceedence).
When congdering flow data from different gages it is often indructive to normalize data by
dividing by the overal areadrained. In thisway tota flow ratesin cubic feet per second (cfs) are
normalized to cubic feet per second per square mile (cfam), thereby dlowing adirect comparison
of data from different gages. Accounting for the difference in drainage aress, the 50 percent flow
for the Weir River at Hingham Bay per square mile of drainage areais 1.2 cfs/sgmi. The LFPR
esimate is 0.9 cfg/sg.mi.

A recent proposa to ingtdl ared-time USGS flow gage in the Weir River Basin has been
indefinitely postponed due to budgetary condraints. Instead, two cdibrated staff gages have
been ingaled on the main channe of the Wer River. One saff gage has been placed a the
Union Street Bridge and a daff gage a Route 3A has been recdibrated. Staff gages do not
provide a continuous record of flows, but dlow for ingantaneous measurements based on
observed depth of water in the channel. A watershed monitoring program has aso proposed
through an agreement between the Town of Hingham and the Massachusetts American Water
Company (now Aquarion). This proposed program is to involve taking flow measurements and
groundwater levels at various pointsin the watershed. Figure 3-4 shows the location of sampling
locations proposed for the watershed monitoring program.  This information was obtained from
the AWC and the Town of Hingham. In the interim, volunteers from the Weir River Watershed
Asociaion have taken intermittent readings from saff gauges indaled a various locationsin the
watershed. This data was used to determine flow rates based on computed stage-discharge
relations. The data and results of the Welr River Watershed Associations flow monitoring
program are presented in Appendix E.

As part of the Foundry Pond Dam Feasbility Study, Gae Associates, Inc. took monthly
flow measurements a the inlet and outlet of Foundry Pond from October, 1987 to November,
1988. A summary of their data can be found in Table 3-6. The duration of their flow measuring
program isinaufficient for use in cdculating long-term streamflow datistics, in GZA’s opinion.

The absence of a permanent flow gage in the Weir River Watershed has lead to alack of
extended duration flow data for the streams of the basin. In order to generate estimates of
average monthly flows, GZA has made use of data from smilar watersheds to derive etimated
average monthly flows for streams of the Weir River basan. The methodology employed by GZA
Isdiscussed in Section 4.53.1 and the results are presented in Table 4-15 and Figure 4-4.

3.32 Low Flows

Low flow discharges during dry wesgther are particularly important in computing safe yield
cdculations and determining impeacts to watershed plant and animd life. Low flows in an area
such as this are generdly representative of baseflow or groundwater which is discharging to the
stream through the soil. Of particular interest for many applications is the 7Q10 streamflow, or
the average low flow rate for seven consecutive days which occurs once every ten years. The
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7Q10 represents a lower boundary for water resource use and higtorically has been used to set
wastewater discharge limits. The USGS calculated the 7Q10 at both of their LFPR stream
gages. Thear data, dong with 7Q10 data cdculated with the USGS computer program
SWSTAT (Surface Water Statigtics, USGS, April, 1998) using full-record USGS stream gages
in Smilar watersheds are presented in Table 3-7. 7Q10 values obtained by the USGS are 0.02
cfam a the Weir River in Hingham and 0.06 cfsm at the Crooked Meadow River in Hingham.
Estimated 7Q10 vaues for the smilar watersheds range from 0.01 cfsm to 0.05 cfsm, with the
exception of the Neponset River gages which have vaues over 0.10 cfsm.

The 7Q10 vaue is not an appropriate technique for the edablishment of
recommendations for ingtream flows for maintaining aguatic habitat. The 7Q10 datidtic was
developed for use in designing and regulating wastewater trestment plants and does not address
the flow requirements of fish.”

3.33 Foods

Dueto the lack of USGS stream gages in the watershed, direct satisticd andysis of flood
flowsis not possible. Higtoric flooding in the area was discussed previoudy in Section 3.26. In
watersheds that are gaged, datisticad andyss generdly involves the andyss of severd years of
sreamflow data. The Log Pearson Type |11 (LP3) method, first developed by Karl Pearson in
1930, is smply a curve fitting method known to fit many different shapes of observed sample
frequency didributions. The LP3 digtribution when presented in the probability dengty form
usualy has a bell shaped or (with some parameters) a J-shape. This method is best known for its
ability to fit flood flow frequency. Frequency curves derived using LP3 or another curvefitting
method are only an edtimate of the population curve and not an exact representation. A
sreamflow record (for example) is only a sample of the total population and its prediction ability
depends on the Sze of the sample. The larger the sample, the greater the prediction ability.

Regiona regresson estimates for ungaged sites in Massachusetts are done through the
use of the USGS Nationa Flood Frequency (NFF) computer program.”® This program utilizes a
regiond regresson equation for Eastern Massachusetts to quantify the 2, 5, 10, 25, 50, and 100
yearsfloods. The results of the regression andysis and the results of flood frequency andyses for
the smilar watersheds are presented in Table 3-8. As seen from the table, the flood flows from
the regresson andyses are the same order of magnitude as those caculated from the smilar
watersheds usng aLog Pearson |11 anayss.

%’ Stalnaker, Clair, et. a. “The Instream Flow Incremental Methodology — A Primer for IFIM”, National
Biological Service Biological Report 29, March 1995.

% United States Department of the Interior, United States Geological Survey, “Nationwide Summary of U.S.
Geological Survey Regional Regression Equations for Estimating Magnitude and Frequency of Floods for
Ungaged Sites’ 1993.
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The 1986 Flood Insurance Study aso used a USGS regional regresson eguation to
edimate flood flows. The results of their andyss are presented in Table 3-9. The flood flows
obtained by FEMA approximate the flows obtained with the NFF computer program.

In summary, the 10-year flood predicted by FEMA in Accord Brook in subbasin 3 is
gpproximately 153 cfs and the 100-year flood flow is 480 cfs. At Foundry Pond at the
downstream end of subbasin 6, the 10-year flood in the Weir River is 444 cfs and the 100-year
flood flow is as much as 1,350 cfs.

3.34 GZA How Measurements

GZA visted the watershed on August 19, 1999, October 26, 1999 and April 12, 2000
to take flow measurements a eeven locations dong the Weir River and its tributaries during
periods of low, norma, and high flow. FHowswere measured at selected locations primarily along
Accord Brook and the Weir River. Flow measurement |ocations were chosen to provide awide
geographic didribution, and based on proximity to confluences and accessibility.

Flows were measured using a FloMate Flow Meter which records velocity. The primary
technique that was utilized was the “ Six-Tenths Depth Method” as described in the USGS paper
“Measurement and Computation of Streamflow.”®  Velocity messurements were taken at
gations adong the stream cross section at 0.6 x depth. The 0.6 x depth velocity is used as the
mean velocity in the vertica. USGS dates that “ Actua observation and mathematica theory have
shown that the 0.6 x depth method gives rdidble results” This method is recommended for
depths between 0.3 ft and 2.5 ft. Very shalow water has been shown to cause underreporting of
velocities, but USGS dates, “From a practica standpoint, however, when it is necessary to
measure vel ocities where water depths are as shallow as 0.3 ft., the 0.6 x depth method is used.”
In ingances when water depths were greater than gpproximatedy 2.5 ft., the “Three-Point
Method” was employed where velocities are observed a 0.2, 0.6, and 0.8 times depth. The
stream was divided into multiple subsections based on the width of the stream and loca features.
Verticd velocity readings were taken at each subsection. Depths and widths were recorded at
each subsection. How rates were then caculated by multiplying the mean vertical velocity by the
cross-sectiond area of the subsection and summing across the stream.

Qudity Assurance / Quality Control procedures for the flow measuring program were
established by GZA to provide for accuracy and constancy in the flow measurement program.
Flow measurement locations were documented in text, on maps, and with photographs to provide
for repeatability of the measurement locations. The velocity meter was zeroed as per the
manufacturer’ s recommendations in a bucket in the morning prior to sampling and aso checked
for drift. After reducing the field data, flow measurements at each location were compared to
observed flow rates upstream and downstream of a particular location. This dlowed for a

# Rantz, S.E. et. a. United States Department of the Interior, United States Geological Survey. “Measurement
and Computation of Streamflow: Volume 1. Measurement of Stage and Discharge” Geological Survey Water-
Supply Paper 2175, 1982.
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continuity check to verify the reasonableness of the measured flow rate. Multiple flow rates taken
over time a the same location were adso compared to verify that the stage versus discharge
relationship was appropriate.

The August 19, 1999 measurements were made in an effort to obtain data which would
be generdly representative of low flow conditions, as Augudt is typicaly the time in which flows
are lowest in dreams in eastern Massachusetts.  Precipitation in June of 1999 was well below
normal (0.29 inches) at the Boston climate station, but rainfal in July (3.44 inches) was actudly
above norma. Precipitation in water year 1999 (October to September) was aso dightly above
norma (42.03 inches versus and average of 4151 inches in Boston) as evident in the
climatologicd data from the Nationd Westher Service/Nationa Climatic Data Center presented
in Appendix D. Single ranfal events obvioudy can have a sgnificant impact on flow rates.
NOAA data dso indicates that more than 0.6 inches of rain fdl in the area in the five days
preceding the flow measurement. Regresson to baseflow can take much longer than this,
paticularly in watersheds as large as the Weir River with sgnificant dratified drift surficd
geology, as evidenced by the hydrogreph for the Indian Head River during the same time.
Therefore, flows in the lower Weir River watershed, particularly in the Weir River itsdf, may not
have regressed to pure baseflow when the measurements were made. Flow data is presented in
Table 310 and the sampling locations are plotted in Figure 3-4. Flow measurement locations
on Accord Brook were located at Route 53, Route 228, Prospect St. and South Pleasant St.
FHow in the Crooked Meadow River was measured at the crossing of Main ., and flow in the
Fulling Mill Brook was measured just downgream of the Fulling Mill Pond Dam. Fow
Measurement locations on the Weir River included the crossings at Free St., Union &, and the
driveway to the Weir River Farm. FHow measurements were dso taken across the Weir River
channel near Eadigate Lane and a the spillway of Foundry Pond Dam. The flow measurements
a the dam made use of an assumed weir coefficient for the spillway, and are therefore subject to
acertain leve of uncertanty.

Augus flows in the Weir River ranged from 1.2 to 2.8 cfs and flow in the Crooked
Meadow River was about 1.9 cfs at the culvert & Main Street.  Accord Pond was below the
oillway level and Accord Brook was dry in many locations during GZA's vigt. Low flows
between Routes 53 and 228, emanating from surface drainage and seepage from Accord Pond
Dam, were measured to be about 0.1 cfs. The Accord Brook was not spilling over the diversion
welr.

The October 26, 1999 measurements were considered representative of normal flow
conditions. However, precipitation levels of September and October were severd inches over
normal precipitation levels (Appendix D). Data from the October round of flow measurement is
presented in Table 310. In contrast with the August measurements, flow in the Wer River
ranged from about 11 cfs to 31 cfs and flow in the Crooked Meadow River was about 3.4 cfs.
Accord Brook aontinued to be dry in some locations since there was no flow past the Accord
Brook diverson. A smal amount of flow in Accord Brook between 0.3 and 0.9 cfs was



measured a Route 228 (Main Street) and Route 53, respectively. Outflow from the fish ladder
and spillway at Triphammer Pond was estimated to be about 1.9 cfs.

Flow measurements of April 12, 2000 were considered representative of average annua
high flow conditions (not extreme flood flows). Typicdly, spring rainfal and snowmelt contribute
to increased streamflow during March and April. However, the below average showfdl and
precipitation from November to March may have produced less than the average annud high flow
for April. Despite reatively dry conditions prior to our measurements, April flows were greeter in
magnitude than those of October (Table 3-10). FHow in the Weir River ranged from about 14.2
cfs to 36.5 cfs. Accord Brook showed a marked increase in flow as the diverson was
overtopped and Accord Pond Dam was spilling. Flow in Accord Brook ranged from about 0.8
cfs a the Route 53 culvert to 1.5 cfs over the diversion dam and about 8.6 cfs at the Pleasant St.
Culvert.

Based on the flow measurements taken by GZA in the Weir River watershed, preliminary
rating curves have been developed for selected locations. These rating curves relate stage (water
depth) to discharge (flow rate) in the stream.  Using these relaionships, flow rate a any given
time at these locations may be gpproximated by measuring the maximum water depth n the
stream and referring to the rating curve. GZA has developed rating curves for locations near road
culverts which will be convenient for future flow monitoring programs by regulatory agencies,
utilities, or volunteer groups. The rating curves are contained in Appendix E. The raing curves
should be consdered preiminary because they are based on a very limited amount of data. As
additional datais collected, the rating curves should be updated.

In addition to the data collected by GZA, flow data has ad so been collected by the USGS
and volunteers from the Weir River Watershed Association. The USGS operated alow-flow
stream gage on the Weir River between 1969 and 1971 and between 1989 and 1991. The gage
recorded low flowsin the Weir River, 0.3 miles upstream of Foundry Pond Dam. 1n 1999, the
USGS collected some limited flow and water-qudity datafor the Wer River at Route 3A in
Hingham. The volunteer group began monitoring stream depths a various locations in the
watershed beginning in 1999. Avallable data from these programsis contained in Appendix E.

GZA and others including the USGS have collected a limited amount of flow data in the
watershed. However, the period of record and sample Size is not sufficient to generate monthly
flow petterns based on existing data. The GZA data was collected primarily for the purpose of
developing cross-section flow rating curves for use in the aquatic habitat evaluation portion of the
sudy. Smulated monthly flows in the watershed have been developed as part of the Water
Bdance and are further discussed in Section 4.6.

3.35 Storage

There are Sx mgor ponds in the Weir River watershed, al of which are impounded by
dams. Accord Pond is the largest water body in the watershed with a maximum storage capacity
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a the top of its dam of 985 acre-feet or 321 Mgd, and the only one used as a drinking water
supply. Itisanaturd kettle pond whose water level has been raised by adam. The other ponds
include: Foundry Pond, Triphammer Pond, Straits Pond, Cushing Pond, and Fulling Mill Pond.
Pertinent pond datais summarized in Table 2-5.

Figure 3-5 shows the relationship between storage, elevation, and discharge for Accord
Pond Dam. The pond, including the portion of the Great Pond which is not impounded by the
dam, contains about 1,535 acre-feet of water, of which 845 acre-feet of water is usable due to
the devation of the water supply intake pipes. The maximum capacity of the spillway (i.e,
discharge coincident with a water leve at the top of the dam devation) according to the 1979
U.S. Army Corps of Engineers Phase | Report is about 42 cfs.

3.36 Tides and River/Bay Interaction

The Weir River flows into Hingham Bay near World's End in Hingham and & the western
shore of Hull. At this point, southward to Foundry Pond Dam, the river is influenced by the tides.
Foundry Pond Dam effectivey limits the tidal action from influencing the river to the north of the
dam. The outlet of the Weir River is rdatively protected from wave action by the Town of Hull to
the northeast. The normd tidal range at full moon, according to locd tide charts, is about 12 feet.

Hooding in the coastal areas above Foundry Pond Dam due to hurricanes or other ocean
storms has been observed according to the FEMA FIS® For example, the February 1978
gorm, locdly referred to as the “Blizzard of 1978,” caused inundetion of the low lying areas north
of Foundry Pond Dam, as well as areas of Northern Cohasset including Crescent Beach at the
northwest tip of Straits Pond.

340 GROUNDWATER HYDROLOGY

An important part of the hydrologic cycle occursin the subsurface as groundwater moves through
the saturated zone benegth the water table from areas of recharge to areas of discharge.
Groundwater storage and circulation are affected by the earthen materias, both unconsolidated
deposits and bedrock, which condtitute the subsurface. Optimum water resources development
and management require information on: the extent and hydrologic characterigtics of subsurface
materids, the amount of water avallable, and the groundwater flow system and its relation to the
overdl hydrologic cycle.

3.41 Aquifer Descriptions

Groundwater is water which infiltrates into the subsurface down to geologic layers called
aquifers.  Groundwater is most reedily available in soils that have rdaively large, uniform, and

¥ Federal Emergency M anagement Agency, “Flood Insurance Study for the Town of Hingham,” June, 1986.
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interconnected  pore spaces between soil paticles.  Typicdly, soils which exhibit these
characterigtics include “ dratified drift” sand and gravel deposits. Figure 2-5 shows the surficid
geology of the watershed. Stratified drift is unconsolidated water-sorted materid that is
composed of interbedded layers of gravel, sand, silt, and clay. These materids were deposited
during the deglaciation of the basin and generdly accur in areas that served as drainage-ways for
glacid mdtwaters or Sites of temporary glacia lakes.

Till is a non-draified mixture of sediment deposited directly by glacid ice. Till and finer
graned soils such as st and clay are not usudly conducive to the storage or withdrawa of
groundwaeter and can limit the movement of groundwater in the subsurface. Groundwater can
aso exig in the fractures of bedrock which underlies unconsolidated deposits.

There are two different types of aquifers  confined and unconfined. Confined aquifers
are overlain by a low-permesbility layer of soil such as clay that does not dlow for the efficient
passage of water. The overhead confining layer in a confined aquifer dlows for the development
of pressure heads within the aguifer, such as are encountered at so-cdled “atesan” wells.
Unconfined aquifers do not have such redtrictions and extend al the way up to the water table.
At the water table, the water pressure in the aquifer equaizes to atmospheric.

Much of the western portion of the Weir River watershed is underlain by sand and gravel
deposits. Sand and gravel make up about 46 percent of the basin geology. Aquifers composed
of this materia are capable of supplying large quantities of water on a sustained basis. The mgor
aquifer in the watershed is located in sand and gravel deposits and is unconfined. Figure 3-6
shows the aguifersin the watershed. The high-yield portion of the aquifer can be separated into a
northern and southern area. The first area, the northern part of the aquifer, underlies the centra
portion of the watershed south of Hingham center to an area between Fulling Mill Pond and the
confluence of the Crooked Meadow River and Fulling Mill Brook. The second area, the
southern portion of the aquifer, is located in the southern portion of the basin benesth Accord
Brook near the border between the Towns of Hingham and Norwell. The extent of the southern
portion of the aquifer indicates that the groundwater divide likely does not correspond to the
surface water divide under the influence of pumping from municipd wdls. Thisis commonplacein
the Neponset, Weymouth, and Weir basins™.

Hydrogeologic data is available in severa USGS publications and available public water
upply (Zone 11) delinestion studies. A Zone |l delinegtion is typicaly required by the DEP for
water withdrawals of 100,000 gpd or more. Zone |l studies typicaly use 2- and 3-dimensond
mathematica groundwater models to estimate the zone of contribution (recherge areq) for awel
pumping at its rated capacity for 180 days without recharge. A conceptud Zone 11 delinegtion
has been performed for the AWC wdls in the watershed by Takington Edson Environmental
Management, LLC (TEEM). In addition, a DEP-Approved Zone Il has been completed for the

%! United States Department of the Interior, United States Geological Survey, Water-Resources | nvestigations
Report 90-4144, “Water Resources of Massachusetts’ 1992.
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wells owned and operated by the Town of Norwell. In the absence of approved Zone Il
ddineations, Interim Wellhead Protection Areas (IWPA) are adopted as the primary, protected
recharge area for groundwater sources. The IWPA is not a reflection of the extent or shape of the
actud aguifer. An IWPA is circular and its radius is proportiona to the well pumping rate and
ranges from a minimum of 400 feet and a maximum of %2 mile. Detalled information regarding the
depth, movement, and the amount of water available in the aquifers obtained from these various
sourcesis presented below.

3.42 Saturated Thickness

Saturated thickness can be an indication of the amount of water stored in an aquifer.
Figure 37 describes some of the important characterigtics within a dratified drift aquifer. The
saturated thickness of an aquifer, (b), refers to the depth of the aquifer from the water table to the
bottom of an unconfined aguifer. Saturated thickness is typicaly determined by andyzing driller’s
logs of wells and test borings. Thickness isinfluenced by the geometry of the underlying bedrock.
Commonly, bedrock is deeper at the center of a valey than at the sdes. Therefore, saturated
thickness is often & a maximum a the vdley axis. Where dl other conditions are equd, the
amount of water an aquifer will store and yied will be higher for thicker aquifers.

Table 311 shows sdlected aquifer characteristics at each well location. The saturated
thickness of the aguifer ranges from 40 feet to as much as 100 feet. The northern portion of the
aquifer which contains the AWC's Downing and Free Street wells is very deep with a saturated
thickness between 70 feet to 100 feet. The southern portion of the aquifer which contains the
AWC's Prospect and Scotland Street wells is aso deep, ranging from 60 feet to 80 feet. The
wells owned and operated by the Town of Norwell are located in a portion of the aquifer which
has a saturated thickness between about 20 feet to 50 feet.

3.43 Trangmissvity

Trangmissvity is a measure of how much water will flow through a unit width of the
porous media of an aquifer under an unit hydraulic gradient. Transmissvity is the product of
hydraulic conductivity of the aquifer materid and the saturated thickness of the agquifer. Hydraulic
conductivity, shown as K on Figure 3-7, isaproperty of soil which indicates its ability to convey
water. Sands and other coarse-grained materids typicaly have larger vaues of K than other
finer-grained materids. Transmissvity can be cdculated as:

T=Kxb
where: T = Tranamissvity (ga/day/ft)

K = Hydraulic Conductivity (gal/day/ft?)
b = Saturated Thickness (ft)



and represents the volume of water moving through a one-foot wide verticad section of aquifer
materia per day with a gradient of one verticd foot per horizonta foot. Transmissivity can be
cdculated usng pumping or aquifer tests. In the absence of pump test data, transmissvity can be
esimated from well specific capacity data and water table drawdown or logs of wells and test
holes.

Table 311 includes a lising of caculated and estimated tranamissvities for each well
location in the watershed. Typica transmissivities range from about 20,000 to 75,000 gpd/ft
throughout each aguifer. The transmissivity vaue reported by the Conceptua Zone Il report for
thewdls a Free Street were based on ayield evauation report for the Free Street No.4 in 1982.
Values reported for the Prospect and Scotland Street wells were calculated utsng pumping tests
done when the wells were ingdled in the 1950s. Estimates of transmissivity were made for the
Downing Street and Fulling Mill wells based on the soil type in the aquifer. Transmissvity for
Norwell-owned wells were estimated based on hydraulic conductivity and saturated thickness
data provided in the Zone Il study, except for Well No. 10 which had a reported transmissvity
vauein the study.*

3.44 Storage and Storage Coefficients

Storage and storage coefficients rdlae to an aquifer’s ability to yield water. Storage
coefficients, aong with transmissvity, can be used to estimate the water-table drawdown due to
pumping wells, for any given time period or vice versa. The amount of water that can be
withdrawn from an unconfined aguifer is only a fraction of the totd storage and is derived from

gravity drainage.

For unconfined aquifers such as in the Weir River watershed, storage coefficient, “S’, is
equd to the specific yidd. The specific yidd is defined as the volume of water that an aquifer
releases from or takes into Storage per unit area of aquifer per unit change in head and is
expressed as a percentage of unit volume. Fine-grained materids have lower vaues of specific
yield than coarse-grained materials such as sand and gravel. For dratified drift aguifers such as
the one in the Weir River watershed, storage coefficients typicaly range from 0.05 to 0.30,
depending on the grain size of the aquifer materia and the time period. In many cases, a vaue of
0.20 is assumed to be a reasonable and possibly conservative vaue.

3.45 Gradients and Flow Patterns

Figure 3-8 illugrates the flow patterns that are typicd within a sratified drift aquifer. In
generd, without consdering the effects of groundwater pumping by the wells in the Wer
watershed, the groundwater flow pattern is expected to trend from south to north, generdly from
topographic highs to low and discharging into rivers and streams.  The hydraulic gradient can be

* Reed, “Zone |l Delineation, Grove St. Well Field, Norwell,” September, 1994.
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thought of as the groundwater equivalent of stream dope. Gradients for the AWC wdlls are
shownin Table 3-11.

3.46 Recharge and Induced Infiltration

Naturd recharge to aguifers is derived from precipitation that fals within the basin
boundaries. The amount of water that infiltrates into te soil and reaches the saturated zone
depends upon many factors, such as the intendty and duration of rainfal, soil types, vegetative
cover, season, and land dope. Naturd recharge from precipitation occurs mainly from October
to April when groundwater runoff exceeds evapotranspiration. The amount of groundwater
recharge occurring can aso be affected by human activity in the watershed. Development can
increase the amount of impermeeable surface within a watershed and thereby reduce infiltration.
Increased pumping of wells can reduce the amount of groundwater in storage and provide more
space for recharge. Pumping can aso reverse the water-table gradient near streams or other
water bodes, causng surface water to move into the aquifer and toward wells. This processis
cdled induced infiltration and the recharge resulting is caled induced recharge. Artificid facilities
for recharging aquifers (Fulling Mill Ponds) have dso been congtructed in the sudy area. These
facilities include basins above the water table that collect sormwater runoff or surface water from
sreams and dlow it to infiltrate into the saturated zone using infiltration galleries.

Naturd recharge to dratified drift aguifers such as the Weir River aquifer conssts of
precipitation that infiltrates into subsurface and surface water that percolates into the stratified drift
from adjacent till-bedrock uplands. Where pumping is greater than the naturd recharge, there
will be a resulting net decrease of water in storage and a corresponding decline in groundwater
levels. These effects may be ether seasond, with wet weether infiltration restoring groundwater
levels, or long-term if annua withdrawals outstrip overdl annua recharge. Naturd recharge can
be estimated by measuring and summing the components of groundwater discharge over a period
in which there is no net change in groundwater sorage. The sum of groundwater runoff,
evapotrangpiration, and underflow accounts for the mgor part of groundwater discharge from
areas Where there islittle or no pumpage and has been used as a conservetive estimate of natural
recharge. Hydrologic studies of severd smadl drainage basins in the states of Massachusetts,
Connecticut, and New York performed by the USGS suggest that a relationship exists between
the amount of groundwater outflow from a small basin and the proportion of the dratified drift
which is present undernesth the basin,*

The average annua relationship islinear and can be expressed as.
Y =0.6X +35

where: 'Y = Groundwater outflow as a percentage of total runoff (%)
X = Percentage of totd basin area underlain by dratified drift (%0)

$¥USGS, “Water Resources Inventory of Connecticut, Part 10, Lower Connecticut River Basin”, p. 37.
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The totd runoff is composed of the baseflow in a stream, which can be thought of as groundwater
discharging to the stream through the soil, and the direct runoff which is a result of precipitation
that is flowing overland by gravity into the stream.

Although recharge by induced infiltration and the factors contralling it are well known, it is
difficult to evauate quantitatively in the watershed. Edtimates of recharge and infiltretion are
dependent on understanding the surface water-groundwater relationship and are further discussed
in Section 4.50.

3.47 Bedrock Aquifers

Bedrock can also store water within fractures and joints. The quantity of water which
can be withdrawn from bedrock on aregiond basis is governed by the amount of recharge from
precipitation and the ability of the bedrock aguifer to transmit water. Water transmisson in
bedrock is largely a function of the degree and connectivity of fractures and joints in the rock.
These features are typicaly found at contacts between rock types and in fault zones. The mgor
Ponkapoag fault runs through Hingham and Hull and forms the southern boundary of the Boston
Bedrock Badn. This fault separates conglomerates in north Hingham and dates in Hull from the
Dedham granite formation which underlies mogt of Hingham and Cohasset.* A gudy in the
nearby Southeast Coastd Basin from Cohasset to Kingston completed in 1993 by the USGS
examined yields of 133 bedrock wells throughout the basin®. The median yidld of the wellswas
6 gom. Bedrock wells commonly supply adequate quantities of water for household use, but
geneadly have insufficient yied for public water supply. However, the Source of Supply Study
conducted for the MAWC in 1994 indicates that, “A typical bedrock well in the Hingham area
drilled to a depth of 600 feet may be expected to yield between 100 gpm to 300 gpm.”*®

3.50 SURFACE-GROUNDWATER INTERACTION

In areas where surface and groundwater are both used for water supply, the connections between
the two sources become more important. Surface water can infiltrate into the ground to recharge
aquifers and groundwater can flow into streams or other water bodies. During dry wegther,
groundwater discharging into streams comprises the total amount of flow in the Weir River and its
tributaries and is referred to as baseflow. Water supply withdrawals from aquifers can reduce
base flows. Other factors may dso reduce base flows. For example, paving and development
can reduce the amount of groundwater recharge by causing water to run off rather than infiltrate,
and inflow into storm and sanitary sewers can lower the groundwater table. Surface-groundwater
interaction in the Weir River watershed is further discussed in Section 4.50.

% Skehan, James W. Roadside Geology of Massachusetts. 2001.

% USGS, “Yields and Water Quality of Stratified-Drift Aquifersin the Southeast Coastal Basin, Cohasset to
Kingston, Massachusetts’, 1993.

% American Water Works Service Company, “Hingham Source of Supply Study”, 1994.
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3.60 WATER QUALITY

As water circulates through the hydrologic cycdle, its naturd water qudity changes. In the
amosphere, water vapor dissolves dust, gases, and ocean sdts and carries them to the land
surface. On the surface, runoff picks up solids as it travels over land into streams and dissolves
additiona materids as it percolates through the soil into the water table. Figure 3-9 showsthe
naturd water qudity in the hydrologic cycle. Figure 310 shows the potentid changes in the
water qudity in the hydrologic cycle due to the impacts of human activity. Water qudity is closgly
related to water quantity. It isimportant to maintain good water qudity to assure the safety of the
drinking water supply, as well as to provide the necessary habitat for the proliferation of natura

wildlife. Water quality was not directly addressed by this study, but the following sections
summarize some of the rlevant available information.

3.61 Surface Water Quality

3.61.1 Streams and Rivers

The water quality of streams and ponds results from the combined water qudity of
precipitation, overland runoff, and groundwater discharge. Based on the available data, the main
surface water quality issue in the basin is increased phosphorous loading®.  Water quality data
taken from the Foundry Pond Dam Feasihility Study is presented in Table 3-6, which was dso
part of the flow measurement discussion in Section 3.3.1, and Table 3-12. Table 3-6 contains
the results of the monthly sampling done at Foundry Pond Dam in 1987-1988. Inlet station data
IS representative of water qudity in the Wer River, while outlet Sation data is more indicetive of
pond water qudity. Dissolved oxygen levels were highest during winter months, pegking in
February a 12.6 mg/L, and lowest during summer, 5.2 mg/L in July. Phosphorous levels pesked
in November and December, reaching a maximum level of 0.77 mg/L in December. Table 3-12
shows the results of three sampling rounds done in October, November, and August of 1988.
Sampling locations for the 1988 study included: Leavitt Street crossing of the Welr River near the
town hal, Union Street crossing a Weir River near the high school, Route 228/Tower Brook
Road crossing of the Tower Brook south of Cole Corner, Route 228/Friend Street crossing of
Crooked Meadow River near the High St. Cemetery, and the Fulling Mill Pond outlet. Flow was
a its highest during the August 1 sampling round, ranging from 5.5 cfsto 18.7 cfs — likedly asa
result of much higher than average rainfdl in July of that year (7.62 inches a Logan Airport).
How during the October and November sampling rounds was rdlatively lower, ranging from 0.35
cfsto 2.8 cfsin October and 0.6 cfs to 3.5 cfsin November. Dissolved oxygen concentrations
ranged from 5.1 mg/L to 8.3 mg/L during August and 8.5 mg/L to 10.2 mg/L in November.
Phosphate levels were highest in October and at the Tower Brook Road and Fulling Mill Pond
locations at 0.23 mg/L and 0.303 mg/L respectively.

¥ Gale Associates, Inc. “ Foundry Pond Feasibility Study” Jan. 1992.
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Asindicated in Table 3-13, runoff from the more developed western portion of the
watershed contributes a significantly grester annua phosphorous load than the predominately
forested eagtern half (62 kg/kmflyr vs. 40 kgkn?lyr). Tributaries with the highest values of
phosphorous were, in order, Tower Brook, Fulling Mill Pond, and the Plymouth River. The
1988 sudy suggested more sampling was needed to locate the suspected sources of
phosphorous loading. However, potentid sources of phosphorous include lawn fertilizers, sorm
drainage, septic systems, and release from decaying lesf litter in adjacent wetlands during the fall
and early winter. Phosphorousis an important indicator of water qudity because it is typicdly the
limiting nutrient in fresh water bodies

Water quality data from the current USGS Weir River sampling program at Route 3A on
the Weir River is contained in Appendix E and isthe most up-to-date. These dataare currently
provisona and subject to revison. Measured dissolved oxygen pesked at 11.3 mg/l in January
and was lowest in June. Total ammonia and organic nitrogen ranged between 0.33 and 0.666
mg/l (as N). Total Phosphorus ranged between 0.021 and 0.044 mg/l (as P). Of particular
interest are the June 1999 USGS data which show eevated bacteria levels. Fecd coliform and
E. coli levels were as high as 570 col/2100 ml and 410 cols/200 ml, respectively, during the

sampling period.

3.61.2 Lakes and Ponds

Many of the ponds in the basin experience phosphorous overloading, including
Triphammer Pond and Foundry Pond. Foundry Pond is very shdlow and contains an emerging
marsh. The shdlow water leads to elevated temperatures and low dissolved oxygen levels which
are stressful to fish and may lead to fish kills®®. Triphammer Pond has similar problems with very
low water levels. Much of Triphammer Pond is covered by aquatic vegetation during the summer
months and there are dgd blooms present around the dam area. Fulling Mill Pond is surrounded
by 163 acres of land that are owned and protected by the AWC. Fulling Mill Pond has problems
amilar to Triphammer and Foundry Ponds. shdlow depths and high nutrient loading from a large
waterfowl population and runoff from Route 228 contributes to a sgnificant amount of aguatic
vegetation.®®  Nutrient loading in the ponds of the watershed may contribute to water quality
problems which could degrade aquatic habitat within the ponds. These issues are, however,
generdly separate from the issue d the qudity of the habitat in the streams and rivers of the
watershed.

Accord Pond is currently the only surface water body used as a source of
drinking water in the study area (though the well near Fulling Mill is aso technicadly congdered a
surface water source) Water qudity testing for drinking water contaminants such as tota
coliform bacteria, manganese, color, turbidity, and sodium has taken place in the pond since the

%¥Gale Associates, Inc. “Foundry Pond Feasibility Study”, Jan. 1992.
¥ Gale Associates, Inc. “Foundry Pond Feasibility Study”, Jan. 1992.
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1960s by the Massachusetts Department of Public Health and the AWC and its predecessors.
The water quality of the Pond has been rdlatively constant since monitoring begarf®.

Totad coliform bacteria in Accord Pond have exceeded water-quality standards
to the extent that, in 1974, the Pond was temporarily discontinued as a water supply source.
Vaues of 1000 per 100 mL are common in suburban and urban areas; levels of 300 per 100 mL
were measured in Accord Pond. Raw water from Accord Pond is filtered and disinfected at
AWC' s treatment plant™.

Manganese is lised as a Secondary Contaminant. The Secondary Maximum
Contaminant Leve (SMCL) for drinking water is 0.05 mg/l. SMCL stlandards are developed to
protect the aesthetic qualities of drinking water and are not hedth based and are not legdly
enforceable. Datafrom the Accord Pond Water Supply study indicates manganese concentration
as high as 0.11 mg/I>. Manganese is a naturaly occurring element derived from rocks and is
characteridticaly high in New England. The main problems with manganese are aesthetic and do
not typically concern the hedlth of the pond.

Color can be effected by the presence of algd blooms. Controlling aga blooms
is the primary method of reducing color levels. Color typicdly varies seasondly because agd
blooms typicaly occur during the mid- to late-summer. Color levels in Accord Pond have not
exceeded drinking water standards since 1975. Turbidity levels in the pond have not exceeded
drinking water standards since 1960.

In generd, Accord Pond isdightly acidic, with pH values ranging between 5.7
and 7.3 (apH of 7.0 is conddered to be neutra). Most Massachusetts lakes and ponds exhibit
dight acidity, presumably due to aerid pollutant deposition.® pH vaues beow 5.0 are
consdered to be too acidic for most fish to survive.

Alkdinity is the quantitetive capacity of weater to react with hydrogen ions. It is
important because it buffers pH changes that occur naturdly as a result of plant activity in the
pond. Components of dkalinity, such as carbonate and bicarbonate, may adso bond with heavy
metals and reduce their toxicity. Alkadinity levelsin Accord Pond are low, averaging about 4.5
mg/L. The pond is therefore susceptible to pH fluctuations and heavy-meta contamination.

Hardness is a measure of dissolved metalic ions. In the mgority of freshwater
lakes, hardnessiis caused principdly by calcium and magnesumions. Accord Pond exhibits very
low concentrations of these ions and is considered to be “soft.” The low hardness of the water
may be due to the absence of limestone-bearing Strata in the watershed.

“0 Metropolitan Area Planning Council, “ Protecting the Accord Pond Supply”, July 1981
“ Metropolitan Area Planning Council, “ Protecting the Accord Pond Supply”, July 1981
22 1
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Nitrogen and phosphorous levels in Accord Pond, smilar to the other waters in
the Weir River watershed, indicate tha there is subgtantid nutrient input. Nitrate levels have
averaged about 0.2 mg/L which is an indication of nutrient-enriched conditions. Phosphorous
levels fluctuated in the pond from 0.1 mg/L to 0.4 mg/L, according to data collected by the
Massachusetts Department of Environmentd Quadity Engineering between the mid-1960's to
1980. These levels may lead to the eventuad eutrophication of the pond, which would produce
anaerobic conditions unsuitable for fish and increase the cost of treatment of water for water
supply use. The source of the phosphorous and nitrogen loading in the watershed is uncleer.
Potentid sources for these nutrients include septic systems, sormwater runoff, fertilizers, water
fowl, and leef litter. Overabundance of nutrients is consdered to be a threat to water quality and
may lead to the eutrophication of water bodies. More recent data would be useful in evauating
the current condition of Accord Pond in reference to nutrients.

3.62 Groundwater Quality

Groundwater is the mgor source of drinking water in the Weir River watershed and
monitoring its qudity is vitd to maintaining a reliable water supply. The AWC has tested for 30
parameters for each of its wells. Results of the testing performed for the Conceptua Zone 11
Ddinedgtion are presented in Table 3-14. One of the mgor water qudity problems is the
elevated level of manganese present in the groundwater. The concentrations of manganese in raw
groundwater have been higoricdly higher than the secondary maximum contaminant level
(SMCL) periodicdly for the mgority of the AWC wells. Elevated concentrations of iron are dso
a problem with raw groundwater. These metds are naturaly occurring and do not indicate
contaminaion due to human activities. The water typicdly meets dl other drinking water
standards.

Safe Drinking Water Act (SDWA) Amendments passed in the early 1990's established
provisons for the control of radionuclides such as radon within public water supplies. In New
England, these compounds are very common and occur naturaly due to the type of bedrock in
the region. Radon levels in the groundwater at Free Street Well No.3 and the Prospect Street
Wel may be high enough to require treatment. A report prepared for the Massachusetts-
American Water Company in 1992 sates, “It should be noted that the level of radon found in the
1991 water andyses for the MAWC supplies would require trestment for removad, including the
Free Street Well No. 3 and the Prospect Street Well, both of which previoudy required minimal
water quaity trestment.”** The Massachusettts Drinking Water Office of Research and Standards
Guiddine Standard for radon-222 is currently 10,000 mg/l.*

The SDWA dso st dlowable leves for corrogvity of municipa water supplies. The
intent of these standards is to regulate the amount of lead and copper that leach from piping
systems into the water supply. Control of corrosivity is commonly accomplished by devating the

“ Weston and Sampson, “ Conceptual Review of Water Source Treatment and Operation M assachusetts
American Water Company.” 1992.
> Massachusetts Department of Environmental Protection, Spring 2001 Drinking Water Standards.

a4



pH of water and with chemical treatment. Table 314 includes lead and copper levels in the
AWC raw water supply.

3.63 Impacts of Human Activity on Water Quality

Potentid sources of surface and groundwater contamination include underground fue
storage, wastewater, road salt, leachate, hazardous wastes, and pesticides. Contamination from
these sources may be direct or via sormwater drainage. Figure 311 shows the location of
landfills, underground storage tanks (UST's), and groundwater discharge locations within the limits
of the watershed.

Groundwater discharge points shown on the map indicate DEP-permitted discharges of
sanitary sewage in excess of 10,000 galons per day (gpd), discharges of non-contact cooling
water, discharges from coin operated laundromats, car washes and treatment systems designed to
remediate contaminated groundwater. There are two groundwater discharge points in the
southern portion of the watershed, one car wash near Route 3 in Hingham and another facility just
south of the Hingham town line in Norwell.

The town of Hingham operaes a town landfill in an abandoned gravel pit northwest of
Zion Hill. This gte is jus west of the boundary of the Weir River watershed, but may affect
groundwaeter quality, snce groundwater divides do not necessarily exactly coincide with surface
watershed boundaries. The Town of Cohasset maintains a landfill in the northesst area of the
basn. There is one additiona landfill dte in the watershed shown on the MassGIS data layer,
Figure3-11. Leachateisliquid waste resulting from weater percolating through buried materiasin
sanitary landfills, waste impoundments, and other disposa stes.  Leachate can contain inorganic
and organic contaminants depending on the materias through which it is percolating.

Leskage of fuels stored in UST's can lead to groundwater contamination. There are over
50 facilities with USTs in the Town of Hingham The Hingham fire department reportedly
requires the installation of observation wells a new UST ingtalations.*® Older, unprotected stedl
tanks have an average life expectancy of 15 years in corrosve soils such as those present in
Massachusetts. New #nks have better resstance to corrosion and better leskage control
measures. To date, the wells operated by the AWC have not indicated contamination with
volatile or synthetic organic contaminants.

GZA conducted a preliminary search of EPA-regulated RCRA facilities and DEP Bureau
of Waste Site Cleanup locations in the watershed (Appendix B). Since the study area is not
heavily industridized, environmenta contamination islimited. June 1997 ste work at three service

“¢ Metropolitan Area Planning Council, “Town of Hingham Groundwater Protection Study,” March 1987.
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dations was listed as underway as required by DEP. Four additiond Stes were listed by the
DEP for Failure to Megt Deadline.

The Hingham Annex, which is a US Army and Navd Resarve facility, is currently
undergoing clean-up of materids rdated to military activities. The DEP ligs such materias as
petroleum, VOC's PCB’s, metals, asbestos, and explosives as having been present on the Site.
The nearest EPA-listed Nationd Priority List Ste near the basin is the South Weymouth Naval
Air Station, roughly a mile southwest of the southern-mogst part of the basin.  Appendix B
containsalist of steswhich appeared in the EPA regulated or DEP MCP database.

Approximately twenty percent of the Town of Hingham, in the northern portion of the
watershed, is serviced by sanitary sewer. The remainder of the watershed areais serviced by
individud on-gte septic systems.  Figur e 3-12 shows the area of Hingham which is served by the
sewer system. Improper wastewater trestment or disposal can threaten the hedth of surface
water supplies by ntroducing excessive nutrients that can lead to eutrophication of open water
bodies. Bacterid contamination of surface water supplies is dso a potentia result of improper
sewage disposa. Failure of septic systems can cause excessve nutrients, bacteria, and other
contaminants to leach into groundwater. A 1983 Wastewater Management Study conducted by
Metcdf and Eddy found numerous cases of septic system failures and frequent pump-outsin
Hingham. These fallures have not higtoricaly been serious nor numerous enough to impact the
qudity of groundwater in the watershed according to the data maintained by the AWC.

Deicing chemicds such as sodium chloride gpplied to streets during winter sorms or
stored in unprotected areas can wash off of pavements into water bodies or percolate into the
groundwater. Elevated sodium concentrations can corrode digtribution systems and negatively
impact the hedlth of consumers with high blood pressure and hypertenson. Road sdt used by the
Town of Hingham is stored outside of the watershed. MassHighway maintains Routes 3, 3A, 53,
and Derby Street and occasiondly applies 100 percent sdt during inclement winter weether. The
Town of Hingham reportedly uses about 800 tons of sdt in an average year. The sodium
concentrations & the inlet of Foundry Pond were high during the Foundry Pond Feasibility Study.
High sodium concentrations in the non-tidal portion of the basin can be attributed to direct road
runoff.*’

Pedticides and herbicides are chemical compounds used to control unwanted organisms
such as insects, weeds, and rodents.  Since the compounds vary depending upon their target,
their potentia water resources effects dso vary greatly. Pesticides and herbicides can enter
surface or groundwater by runoff or direct infiltration. Although pesticides are used in the
watershed by residences, agricultural lands, and playground aress, there has been no evidence
that pesticides associated with any of these land uses has impacted the quality of water.*®

4" Gale Associates, “ Foundry Pond Feasibility Study”.
“8 Metropolitan Area Planning Council “Town of Hingham Groundwater Protection Study”.
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Hazardous wastes are wastes which are toxic, reactive, corrosive, or ignitable and include
some of the materids mentioned above. There are no active hazardous waste Sites registered
with the EPA and on the Nationd Priority List (NPL) within the Weir River watershed. The
former South Weymouth Nava Air Station, located nearby the watershed, isthe closest NPL site
to the Weir River.

There are severd non-NPL gtes within the watershed including the former indudtrid
military manufecturer a Hingham Annex which rdeased oils, VOCs, PCBs, metals, SVOCs,
explosives and asbestos from repair yards, surface and underground storage tanks. Site work is
underway at this facility, according to MADEP. This Ste has been classfied as a Tier |A under
the Massachusetts Contingency Plan (MCP), which means it is a high priority Ste that requires a
permit and the person undertaking response actions must do so under direct supervision of the
MADEP. The ste cleanup has entered Phase |1, indicating that a comprehendive Site assessment
istaking place which will determine risks posed to public hedth, welfare, and the environment.

The former Army base on the grounds of Wompatuck State Park is a site which had non
oil hazardous discharges discovered in the mid-1980's. This Siteis awaiting aNPL decison and
has been classfied as a MCP Tier IB ste. The western portion of Wompatuck drains into
Accord Brook and the eastern portion drains into the Aaron River. The mgor contaminated area
known as “the burning ground” served as a testing grounds for munitions and is located in the
eagtern portion of the park. A naturd spring on the grounds of the park, which may be
threatened by the contamination, is aso located outside of the Weir River watershed.

Of the 61 listed EPA-regulated fecilities in the Town of Hingham, only the PCC
Merriman facility on Industrid Park Road south of Rout 3 is permitted for discharges to water
and much of this Ste gppears to drain to the south towards the Old Swamp River which is not
tributary to the Weir River. A digposal ste at the Litton Merriman Divison facility, outsde the
southern boundary of the watershed, 100 Industrial Road in Hingham, released oil and hazardous
wagtes in the late 1980s. A Phase IV cleanup plan has been implemented at that Site, whichisthe
only EPA-regulated site in the watershed permitted to discharge to water according to the EPA
Envirofacts database.

In duly, 1995, there was a spill of potassum hydroxide (KOH) at the Free Street Well

No.3 Pump Station. Approximately 500-600 gallons of KOH were released as aresult of apipe
falure. KOH is used to treat groundwater for corrosvity by raising the pH of the water. The
KOH was released to the surface and subsurface adjacent to the building, raising the pH of the
surrounding soils to above background concentrations. A response action outcome (RAO) was
filed with DEP in July 1996. An additiond oil spill occurred on AWC property at the Fulling Mill
Pump Station in September, 1997. The contaminated area involved soilswest of the Fulling Mill
Pump Station building. As a response action, the contaminated soils were removed, the
groundwater encountered was pumped and treated, and the building demolished. A RAO was
filed with DEP in November, 1997.






4,00 WATER SUPPLY AND WATERSHED WATER BALANCE

4.10 EXPLANATION OF WATER BALANCE

A water bdance is a hydrologic accounting system which condders the amount of water
deposited, withdrawn, and stored in a watershed. The deposits, or additions of water, include
precipitation on the area and a minor amount of groundwater inflow from other basins. The
withdrawals, or subtractions of water, consdst of surface runoff, groundwater underflow,
evapotrangpiration, and diversons. The amount stored in the basin is in congtant flux, however
the natural change in Storage in an average water year is assumed to be zero (i.e. Seady-tate).
In equation form, the annud bdanceis asfollows:

Totd Inflow to Basn = Totd Outflow from Basin + Change in Storage
where:
Tota Inflow to Basin = Precipitation + Groundwater |nflow

Totd Outflow from Basin = Evapotranspiration + Surface Runoff +  Groundwater
Underflow + Diversons

Changein Storage = Usudly negligible on an average annua basis.

The water balance is an expresson of the hydrologic cycle in the basin and an important part of
the hydrologic description of the watershed. Figure 4-1 isaconceptud illugtration of asmplified
water balance under natural conditions. When computed on a monthly basis, the water balance
can illustrate the seasond variation in precipitation, storage, and streamflow. It can aso factor
into evauating the safe yidds of drinking water supplies and the effects of human activity on the
watershed and the habitat of aquatic life.

4.20 WATER SUPPLY SOURCES

To understand the water balance and the human impacts which may affect the hydrologic cycle,
the sources of water supply in the watershed must be understood. Drinking water suppliers may
influence the water baance through diversons and withdrawas from sreams, ponds, and
aquifers.

There are two mgor water suppliers in the watershed, Aquarion Water Company of
Massachusetts (AWC) and the Town of Norwell. The AWC supplies the Towns of Hull and
Hingham and portions of the Town of Cohasset. The Town of Norwell withdraws water for its
own community use.



The Aquarion Water Company is owned by the Kelda Group, a private water and waterwater
utility corporation based in the United Kingdom. In May 2002, Aquarion Water Company
acquired the Hingham operation from the American Water Works Company, Inc. of Vorhees,
New Jersey. Prior to being bought by Aquarion, the water supply company in Hingham was
known as the Massachusetts American Water Company (MAWC), and previous to that, the
water works in Hingham were known as the Hingham Water Company. The Hingham Water
Company was origindly authorized to provide water to Hingham by atown charter passed in the
1880s. The firg well a Fulling Mill Pond was ingdled in 1903 with a capacity of 800 gpm.
Currently, the AWC owns and operates six wells in the watershed and withdraws water from
Accord Pond. Accord Brook is diverted to Fulling Mill Pond viaa smal weir and underground
pipeline and is dso conddered a surface water supply source by the MADEP.

The Commonwealth of Massachusetts passed the Water Management Act to control and alocate
the water resources in the state and to ensure adequate resources for the present and future. In
January, 1988, dl water users had the opportunity to register their historic water use for the
period 1981 to 1985. This registered an average day water use over that period that, if
confirmed and gpproved by the state, became the “grandfathered” quantity alotted to the user.
After the regidration phase of the Act, the permitting process began in 1988. A permit is
required if an exising or new user intends to or is usng more than 100,000 gpd over the
previoudy registered amount, if gpplicable. The registered and permitted withdrawa volumes for
al suppliers within the Wer River watershed are shown in Table 4-1 dong with current water
supply withdrawa points.

The AWC has registered for average annua withdrawals from the Weir River watershed of up to
351 MGD. This figure encompasses its Sx wells, the Accord Brook diverson, and withdrawas
from Accord Pond.

The Town of Norwel withdraws weater from four wells in the southern portion of the watershed,
in the Grove Street areain the Town of Norwell. Norwell aso owns and operates Six additiond
wells in the South Coastd drainage basin.  The wells in South Coastd basin account for the
magority of Norwd |’ s water supply capacity; about 63 percent.

Under the Water Management Act, Norwell registered a withdrawa of 0.32 MGD from the
wdls in the Weir River watershed. In the early 1990s, Norwell was permitted to withdraw
additional water from the Boston Harbor Watershed (Weir River Basin), over and above its
registered amount. The permit alows for increesing withdrawas over time as shown below.
Note that the figures presented are in addition to the registered 0.32 MGD.

1995: 0.24 MGD annually
2000: 0.35 MGD annudly
2005: 0.38 MGD annually
2010: 0.40 MGD annudly
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As of 2000, the total registered and permitted withdrawas by Norwel in the Wer River
watershed of up to 0.67 MGD annudly are dlowed. Based on the 0.40 MGD withdrawa permit
from the watershed in 2010, the total registered and permitted average daily demand could be up
t0 0.72 MGD in year 2010 and beyond.

Water supply withdrawals by the two public water suppliers in the Weir River watershed have
been evaluated based on data averaged over the five-year period between 1996 through 2000.
The five-year average data is presented and used as per DEM guidelines in order to help remove
variability which may be caused by climatic or other conditions. The effect of an anomaous year
is reduced by averaging data and more representative statistics are produced.

According to the Public Water Supply Annua Statistics Reports from 1996 through 2000, the
Town of Norwell withdrew an average of 0.46 MGD from ther sources in the Wer River
watershed. The withdrawn amount is 0.10 MGD below the permitted/registered value. Over the
same five-year period the AWC (then MAWC) withdrew an average of 3.57 MGD from its
supply sources in the watershed. This represents a 0.06 MGD average exceedence of AWC's
registered withdrawal volume of 3.51 MGD. The registered withdrawal limit was exceeded in
three of the five sample years years, as summarized below. In two years, 1998 and 1999,
withdrawa s exceeded registered limits by more than 100,000 gdlons per day on average. Thisis
the threshold under the Water Management act at which anew permit is required.

Aquarion Water Company Water Supply Withdrawas

Year Average Daly Demand (MGD)

1996 3.46

1997 3.54 (exceeded regigtration)

1998 3.75 (exceeded registration by >100,000 gpd)
1999 3.63 (exceeded regigtration by >100,000 gpd)
2000 347

As aresult of the exceedence in 1998, MAWC (now AWC) negotiated with DEP regarding an
Adminigrative Consent Order (ACO) which went into effect in December 1999 ipulating
remedia actions.

In light of the rdativedy smdl amount of water withdravn from the watershed by Norwell in
comparison to the AWC and since most of Norwell lies outside of the watershed, the following
sections regarding the treatment, storage, and distribution of weter in the watershed will focus on
AWC operations.



4.21 Surface Water Sources

The AWC withdraws water from Accord Pond and diverts water from Accord Brook to
the infiltration basins which feed the Fulling Mill well. Accord Pond has a usable capacity of 845
acre-feet and has been continudly used for water supply purposes snce 1979. Thereis a 16-
inch intake from the pond which leads to a pumping station. The maximum pump capecity of the
system to deliver water to the new treatment plant is now reportedly 1,500 gpm, by gravity done

the capacity is reportedly 300 gpm.*

Accord Brook is diverted by a 2-foot high concrete diverson welr into a pipeine which
discharges into the Fulling Mill infiltration ponds. The diverson structure is located just upstream
of South Pleasant Street (See Figure 2-4). There was a low-level outlet on the diverson dam
which was closed at the time of GZA’s vidt. It is not known if the low levd outlet is operadle.
Thereis a smdl screen chamber on the diversion and water flows through a 12-inch combination
terra cotta, concrete drain and trangte pipe which is 3,450 feet long. The diverted flow from
Accord Brook empties into five of the Fulling Mill infiltration basins and is collected by the Fulling
Mill wel, which is described further below.

4.22 Groundwater Sources

Table 42 ligts the wells of the Weir River watershed and their physica characteritics.
Figure 3-6 shows well locations and interim wellhead protection areas. The AWC operates six
gravel-packed wells in the watershed: Downing Street, Free Street No.2, Free Street No.3,
Free Street No.4, Prospect Street, Scotland Street, and Fulling Mill. The AWC does not own
much of the land adjacent to Free Street No.4. As aresult, the DEP has not gpproved its use as
awater supply and it may only be used under emergency conditions.

The Fulling Mill well operates with a combination of surface and groundwater supplies
and acts as a collection well. Constructed in 1903, the well has an estimated safe yield capacity
of 615 gpm®. The well is located in the south centrd portion of town aong the eastern side of
Fulling Mill Pond. Water from Accord Brook is tranamitted by pipdine to seven naturd glacid
ponds and gravel banks. Water is drawn through the banks by induced infiltration to perforated
collection pipes ingaled within the banks. The infiltration pipe conssts of 90 feet of 18-inch and
1,030 feet of 15-inch open jointed terra cotta pipe about 15 feet degp which runs dong Fulling
Mill Pond to a collection well near the pumping station. The Fulling Mill Wl is a dug well, about
39 feet in diameter and 20 feet deep. The bottom seven feet of the well is congtructed of open
masonry, the outsde of which is backfilled with graded gravel. The system was origindly

“ Mr. Randy Sylvester, MAWC. Personal Communication, Aug. 19, 1999.
* Estimated Safe Yield Capacities based on operating experience. Not the same as pump capacity.
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designed to take advantage of the naturd water quality improvements offered by filtration through
soil. Thewdl isfurther recharged by Fulling Mill Pond, which is a human-made impoundment.

The Downing Street well was congtructed in 1965 and is 64.5 feet deep. The wdl is
located a Downing Street near Cole Corner in the north-centrd section of Hingham. The
edimated safe yidd capacity of thewdl is 215 gpm.

The wells located at Free Street were built between 1951 and 1982. The wells are
located in a cluster with Free Street No.4 in the center, 440 feet west of Free Street No.2 and
220 feet north of Free Street No.3. The wells range in depth from 73 to 885 feet. The
estimated safe yield capacities reported by AWC of Free Street wells 2,3, and 4 are 840 gpm,
160 gpm, and 460 gpm respectively.

The Progpect Street well was ingtaled in 1971 to a depth of 58 feet. The well islocated
in the Liberty Plain section of Hingham a Prospect Street.  The estimated safe yidd capacity of
the wdl is 180 gpm.

The Scotland Street well is located in the southcentra portion of Hingham about 2,100
feet southeast of the Prospect Street well. The well was constructed in 1955 and is 45 feet deep.
The estimated safe yeild capacity of the wdl is 670 gpm.

The Town of Norwell operates four wells in the Grove Street area, near the Hingham
border which were constructed during a period from 1961 to 1985. The wells are located within
a 0.15 mile radius of each other and are referenced as wells No.2, No.3, No.5, and No.10
according to DEP files. There is an existing Zone |l Ddlinegtion dated 1994 for the wells which
has been gpproved by the DEP. According to information provided by the Town of Norwell
Water Department, the estimated safe yields range from 75 gpm to 250 gpm.

4.23 Waer Treatment

Raw groundwater and surface water from Accord Pond, which is pumped by the AWC,
is routed through their George W. Johnstone Water Treatment Facility which started up in April
1996. The trestment facility includes a filtration system and chemica trestment to remove iron
and manganese. The system uses Superpulsator® clarifiers which remove suspended solids from
the water. Chlorination and pH adjustment are dso done at the plant.

The plant has a maximum capacity of 7.7 MGD and is located near the Fulling Mill well in
Hingham. The average flow rate is reportedly gpproximately 4 MGD, according to a brochure
on the facility prepared by the Massachusetts- American Water Company®. It should be noted
however, that this figure is in excess of the quantity of water reported in the annua datistica
summaries filed with MADEP, and may represent an gpproximation. The plant is affed 24

' MAWC, “The George W. Johnstone Water Treatment Facility.”
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hours per day and criticd aspects of the facllity, including water quality, are eectronicaly
monitored via a Supervisory Control and Daa Acquistion (SCADA) sysem which is dso
connected to the storage tanks and wells,

4.24 Storage

In addition to the naturd storage of water provided by Accord Pond and the unique
infiltration basin configuration of Fulling Mill, the AWC operates three storage tanks in Hingham
and Hull. Storage tanks are located at Strawberry Hill in Hull, Turkey Hill, and Accord Pond
(see Table 4-3). The tanks store water for use during times of peak demand. These tanks have
a storage capacity of 3.25 million gdlons. In addition to the tanks, the trestment plant provides
clearwells for supplementa storage.

4.25 Digribution

The AWC has about 11,000 connections in Hingham, Hull, and Cohasset. About
10,000 of those connections are resdentia. The AWC maintains 215 miles of pipes and 1,084
fire hydrants. The AWC (then MAWC) supplied, on average, about 1.30 billion gallons of water
per year to customers in the period between 1996 through 2000.

The AWC has two sarvice system gradients, the main and the high sysems. The high
sarvice system is supplied with water from the Scotland Street and Prospect Street wells, as well
as the Accord Pond storage tank. The high system service area includes the southern portion of
Hingham and the Liberty Plain area. The main service system makes up the mgority of the AWC
savice aea. This system is supplied by water from the other wells, including Free Street wells,
Downing Street, and Fulling Mill. In addition, Accord Pond serves the main service system area.

4.26 Potentia Additiona Sources

To meet the water needs of a developing community, it may be necessary to explore
additional sources of drinking water. The Town of Hingham, in paticular, is facing large-scale
development issues in the form of the Shipyard redevelopment and the potential addition of
MBTA Commuter Rall infrastructure. Currently, the AWC and the Town of Norwell have water
supply sources in the high yield portion of the aquifers dong the Weir River and Accord Brook,
as shown in Figure 36. The AWC dso diverts flow from Accord Brook to the Fulling Mill
infiltration basin for water supply purposes. Potentid additiona sources of water include the
AWC-owned Fulling Mill Pond and the smdl high+yield aquifer located in the Mill Woods area of
Hingham. Any substantid increased AWC water withdrawas from the watershed would likely
require a Water Management Act permit, Snceit is currently, on average, withdrawing more than
its registered volume of 3.51 MGD.

Fulling Mill Pond may be a limited source o surface water due to its smdl, 0.29 square-
mile watershed and because of water qudity issues. Fulling Mill Pond dso is likely to dready
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play a pat in supplying the nearby large-diameter well. The difficulty AWC is encountering in
obtaining permission from DEP to operate Free Street Well No. 4 is indicative of the challenges
involved in establishing water supply withdrawals in developed areas. Land ownership (and
environmental) issues are potentia obstacles to further development of the aguifers around Free
Street and Accord Brook. The smdll, currently unexploited aquifer below Mill Woods is located
in aresdentid areawithin subbasin 2 near the Plymouth River and Cushing Pond. This area does
not appear as densaly populated as the aquifer below Free Street. USGS hydrogeologic maps
indicate saturated thickness in the aquifer of up to 40 fedt.

The Plymouth River subbasin (subbasin 2) is currently only lightly utilized for water supply
purposes. It may be dedirable to maintain this status quo for environmenta reasons since the
subbasin is how among the least impacted areas of the tota watershed. However, flood
skimming from the Plymouth River or limited withdrawas from Cushing Pond might be possble
during wet periods of the year. Such a scheme could reduce groundwater withdrawals from
other, more heavily impacted aress of the watershed and thereby help to mitigate reduction of in-
stream baseflows later in the year. Many of the new developments planned in this subbasin are
proposing shalow groundwater wells for irrigation purposes. Groundwater withdrawas from the
Plymouth River subbasin may impact base flow into the Plymouth River.

Severd other posshilities exist for augmenting water supply in the Weir River watershed.
Additiond surface water storage could be created to store excess runoff which is available in the
winter and spring. The loca water suppliers (AWC and Norwell) could connect to MWRA and
purchase additiond raw water originating from the Quabbin Reservair. Findly, desdination could
allow brackish water or even sea water to be used as a potable water source. A regiond
desdindion facility is currently being proposed to treat water from the Taunton River to supply
Brockton and other communities. All of these possible water supply sources offer the possibility
of dgnificantly enhancing the amount of water available, but would likely be expensve. The Town
of Hull is dso exploring the feashility of a desdination facility in Hull, according to an atide in
The Patriot Ledger newspaper from April 24, 2002.

Source of Supply Alternatives are aso discussed in the Source of Supply Study prepared
for the Massachusetts- American Water Company in 1994. This study indicates that optimization
of exiging supply sourcesis an option, as well as purchased water, new source development, and
demand management.

4.30 WATER DEMAND AND USE

Water from the Weir River watershed is used both within and outside the watershed for a variety
of purposes. Some of the withdrawn water is recycled within the watershed in the form of return
flows (i.e. recharge from septic systems, etc.) Other water is immediately exported from the
watershed for use (eg. portions of Hingham and Norwood outside of the watershed) or is
removed from the basin for treetment after use (e.g. wastewater outflow from Hull and portion of
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Hingham). In generd only agpproximately 27 percent of water pumped from the Weir River
watershed is expected to be returned to the watershed.

4.31 Service Area

Two public water suppliers withdraw water from the Weir River watershed in order to
provide supply for different areas The Aquarian Water Company (AWC) (formerly known as
the Massachusetts American Water Company) serves dl of the Town of Hingham, dl of the
Town of Hull, and the northwest portion of the Town of Cohasset. The Town of Norwell Water
Department uses wells within and near the watershed to supply the northwestern portion of the
Norwell water distribution network. The portions of Rockland and Weymouth which are within
the Weir River watershed are supplied from sources outside the basin.

4.32 Water Usars And Service Population

Water is withdrawvn from the Wer River watershed for use by domestic, commercid,
indudtrid, and municipal users. Only a minima amount of water is used for agricultural purposes,
though domestic users do water their lawns with water from the public water sysems. A search
for registered/permitted users within the watershed was executed with the help of DEP. Virtualy
al water users receive their water from the two water utilities that operate in the watershed. Only
one private commercia wdl is shown to be registered in the watershed according to the
Massachusetts GIS data layer. The commercid wdl is located in the southwestern section of the
watershed and belongs to a dining establishment on Route 228 (this source will be considered
indgnificant for the purposes of this sudy.) However, it is estimated that 125 residentid units
(approximately 398 persons) in Hingham are sdf-supplied. It gppears from GZA's fidd
observations that some residentid users aso withdraw water directly from streams and ponds for
lawn weatering.

The Cohasset Golf Club, an 18-hole private club, and the South Shore Country Club, an
18-hole public course, are within the sudy area and extract water for irrigation. Data obtained
from the DEP Office of Watershed Management indicates that the Cohasset Golf Club withdraws
from two irrigation sources. one irrigation well and a smdl 0.2 acre pond. The yearly water use
was edimated to be 6.05 million gdlons in 1997 and 1998, and 7.51 million gdlons in 1999.
Beginning in August 1999, the Cohasset Golf Club metered water use, including withdrawals of
3.6 million gdlons in Augudt, 1.45 million galons in September, 0.34 million gallons in October,
and 0.11 million gdlons in November. The reported vaue for the 3 month period beginning
August 1999 corresponds to about 59,000 gpd. Although this value would likely be higher and
may exceed the 100,000 gpd standard for a required permit if May through July data were
avalable, it remains ardatively minor water user in the watershed. Nonetheless, these demands
have been factored into total watershed water use.



The South Shore Country Club is located within the limits of the study areain Subbasin 7,
but outside of the physica Weir River drainage area as described in Section 2.103. Water
sources for the South Shore Country Club include 3 irrigation wells and 2 surface water ponds.
They report the following annud water usage: 16.8 million gdlonsin 1997, 13.4 million gdlonsin
1998, and 21.2 million galons in 1999. Monthly breskdowns for 1999 were as follows. 0.7
million gdlonsin April, 1.5 million gdlons in May, 4.5 million gdlonsin June, 5.8 million gdlonsin
Jduly, 5.5 million gdlons in Augud, 2.5 million gdlons in September, and 0.7 million gdlons in
October. The withdrawa volumes suggest that the Club may need of a Water Management Act
permit for this levd of water use. Withdrawa was above 100,000 per day in the peak three
months 1999, but was dightly less than 100,000 per day when averaged over the entire period of
pumping for 1999.

Information from the water suppliers regarding current population and percent coverage
was used to estimate the service population of the water utility. The “adjusted service population”
includes the seasond population multiplied by an adjustment factor. Table 44 shows service
populations for the various water suppliers. The current totad adjusted service population
provided with water from the Weir River watershed is 38,014.

By using the population forecadts for the towns of the watershed developed by the
Metropolitan Area Planning Commisson (MAPC), the service population can be projected
forward into the future as shown in Table 45. Service percentages where assumed to be
congant (same asin Table 4-4). AWC sates that it expects to reach 100 percent coverage of
Hingham and Hull (i.e. providing water to dl water users in the town), but high water rates
suggest that private well users will continue to self supply. The seasond population of Hull was
taken to be 6,000 in the year 2000 based on the town census data reported in the Office of
Water Resources Municipal Water Supply Questionnaire from 1998. An adjustment factor of
25% (as per the 1998 Questionnaire) is applied to the seasond population to account for the fact
that seasond residents are not using water year-round. Using the MAPC data, the tota service
population of the Weir River watershed is projected to grow to 41,305 by the year 2020.

A number of development projects have recently been proposed within the watershed
aea. These are primarily within Hingham and include the Hingham Shipyard Redevel opment, the
Black Rock Golf Community, and the Hingham Campus retirement community. If the additiond
residents of these proposed developments are added to the basdline population projections, then
the service population by the year 2020 could increase to 48,005. Utilizing data from the
Massachusetts EOEA build-out studies, the service population drawing water from the Weir
River watershed at build-out has been computed to be as much as 53,586.

4.33 Totd Water Use

The totd amount of water withdrawvn from the Weir River watershed is the sum of the
withdrawas by the Massachusetts- American Water Company, the Norwell Water Department,
the sdf-supplied private water users in Hingham, and the two golf courses. Totd annua water



supplied from the Weir River watershed for the years 1996 through 2000 is shown in Table 4-
6a. Note that much of the data on sdf-supplied users and golf courses has been assumed using
the typicd vaues based guidance from DEP and dsewhere. Data on water use within the public
supply systems was obtained through review of Public Water Supply Annual Statistica Reports
filed by the suppliers with MADEP and contained in Appendix K. Water supply information has
been averaged over the five year period between 1996 through 2000 in order to produce more
representative data and reduce the effects of anomaous years. The five-year average quantities
of water supplied from the Weir River watershed are shown in Table 4-6b.

In the five-years from 1996 through 2000, the average totd water quantity withdrawn
from the watershed by the AWC (then MAWC) was 1,304.44 million galons per year, which is
equivdent to an average daly demand (ADD) of 3.57 million gdlons per day (MGD). This
accounts for 100 percent of the totd water use within the AWC system. During the same five-
year period, Norwell pumped and average of 168.82 million gdlons per year, or 0.46 MGD,
from the Weir River watershed. This accounts for 46 percent of demand within Norwdl’s overdl
system. The sdf-supplied users within the watershed (including the golf courses) are assumed to
have withdrawn an additiond 31.03 million gdlons per year or 0.08 MGD. Average totd water
withdrawals from the Weir River watershed therefore are estimated to be 1,504.29 million gallons
per year, which is equivaent to an average daily demand of 4.12 MGD.

There is ggnificant monthly variability to water use due to temperature, ranfdl, ar
conditioner use, lawn watering, seasond population change, and other factors. Table 4-7 shows
the average nonthly usage of the main water suppliers/ usersin the Weir River watershed, based
on DEP datidticd reports. In generd, demand is lowest in February and pesks between June
and Augus. Typicdly, the maximum daily demand is dso experienced in the summertime months.
The annuad maximum daily demands for 1996 through 2000 are shown on Table 4-6a and the
average is presented on Table 4-6b. Average maximum daily demand in the AWC system was
6.14 MGD, producing a peaking factor of 1.72. The average maximum daily demand on the
Norwell wellswas 1.04, for a peaking factor of 2.26.

4.34 Digribution of Water Usage and Per Capita Consumption

Water supplied by the Aquarion Water Company and the Norwell Water Dept. goesto a
vaiety of usars. By far the largest Sngle user group is residentid (domestic) users, but other
groups aso purchase and utilize water. Table 4-8 ligs the edtimated distribution of water
ddiveries to various groups by the two mgor water suppliers, averaged over the five years
between 1996 through 2000. Residentia users accounted for over 60 percent of total demand
for water withdrawn from the watershed. “Unaccounted-for” demand (which is un-metered use
or leakage) was the second largest category a 18.5 percent, followed by Commercid demand
which was dightly over 12 percent. The large average overdl “Unaccounted-for” digribution
was primarily from the AWC system (average 20.3 percent over the five years). AWC's
average “unaccounted-for” percentage was raised by the high ratein 1998 (25.8 percent), which
may be somewhat anomaous. However, “unaccounted-for” water did not drop below 17.6



percent in either 1999 or 2000. Figure 4-2 shows the didribution of water use among
resdentia, non-residentia, and unaccounted-for for the AWC system for 1996-2000.

With knowledge of the totd amount of water ddivered, the service population (which
includes seasond population), and the water supply distribution percentages, per capita demand
for the Weir River watershed was computed. Two measurements of per capita demand are
generdly of interest: The actua resdentid per capita demand is a measure of the amount of
water used by each individua resident drawing water from the watershed and is computed by
dividing the volume of water ddivered to resdentia customers by the service population. The
gross (base) per capita demand is a measure of the tota amount of water used by the community
(including commercid user, indudrid users, unaccounted-for water, etc.) to support each of its
citizens. This figure is computed by taking the tota amount of water used and dividing by the
sarvice population. Table 4-9 ligs the five-year average per capita demand for water from the
various suppliers in the watershed. These figures represent the per capita demand of the
population which actualy draws water from the watershed. This group overlgps but is not the
same as the population which lives within the watershed boundaries. The actud per capita
demand figures should be smilar for these two populaions (resdents supplied from the
watershed versus residents living within the watershed). The watershed wide, average actud
resdentiad per capita use is 65.33 gallons per person per day (gd/per/day), and the overal gross
system (base) per capitawater use is 107.17 gal/per/day.

4.35 Water Rates

Knowledge of rates (tariffs) charged to water consumers by water suppliers can be an
important factor in explaining and predicting rates of water demand. Water is acknowledged by
many planners to be a price eagtic commodity at dl but the most minimd levels of consumption.
In other words, demand for water will decrease per capita as the unit price increases. Price can
therefore influence consumption of water and aso be used as a management tool, though the
latter may be difficult for politicd reasons. Price-based demand control may have reduced
effectiveness in Hingham however. Written comments dated May 18, 2001 from CEl, a
conaultant hired by Massachusetts American Water Company, date, “[M]any studies have
shown that price does not affect consumption, especidly in more afluent towns such as
Hingham.”

There are severd basic taiff sructures generdly used by water suppliers: flat fee,
increasing block, decreasing block, etc. The water hill for an individud user may be determined
based on frontage or other such indirect indicators, but the preferred method is by measuring
actual consumption usng a water meter for each customer. Sewer fees are dso important
because many times they are connected to water consumption.

The Aquarion Water Company meters 100 percent of its customers except for fire
service connections. It uses a decreasing block rate structure to bill its customers, which means
that the unit cost of water decreases for customers using large volumes of water. According to



1998 MWRA data, the average customer in Hingham paid $713.16 per year in water bills, and
those who are connected paid $636.00 in sewer fees. The average annud cost of water to
MWRA consumers in 1998 was $252.53; therefore the annud cost of water to customers of
AWC was 2.82 times higher than MWRA average. AWC (then MAWC) rates increased
65.2% in 1996, which was the year the new water trestment plant went on line. According to the
Boston Globe, 1999 average annua water fees in Hingham and Hull were $713 — the highest in
metropolitan Boston area™.

In 1998, a survey of businesses and residents was commissioned by the Hingham
Planning Board for land use planning. Among other questions, the survey asked respondents to
identify critical issues facing the Town of Hingham. The cost of water and sewer services was
ranked as the number one critica issue by both business and resdents of Hingham. Water and
sawer costs were perceived as critical by 46 percent of business respondents and 58 percent of
resdentid respondents. Lack of sewers in some areas of town and pollution of rivers / coasta
waters were issues which also ranked in the top five>

Since the AWC is a private water company, the Department of Telecommunications and
Energy (DTE) has the ability to regulate the water company’s rates. Currently, the DTE can
dlow declining block rates, but they are currently in discusson with the DEP about possibly
diminating them.

4.36 Water Use Trends and Projected Future Needs

Prediction of future water need is a difficult and often imprecise exercise.  Estimating
future need in generd depends on the extrgpolation of historica trends in population and water
use, and is dependent on a number of base assumptions. Such extrapolations usualy become less
accurate as the prediction period is extended, due to influences that cannot be anticipated. A
1990 report commissioned by the Town of Hinghan™™ to evauate the Hingham Water Company
compared various population and demand projections. Estimates of year 2000 population for the
Towns of Hingham and Hull ranged from 32,700 (DEM) to 37,540 (Whitman & Howard) —a
difference of 14.8 percent. Census data indicates the actua 2000 population of Hingham and
Hull was 30,932. Projections of average daily demand varied from 3.88 MGD (DEM) to 4.51
MGD (Hingham Water Company). A certain amount of variability in various forecasts is due to
use of different projection methodologies. This study will adopt the most current methodologies
developed by the Massachusetts Water Resources Commission.

The Massachusetts Department of Environmentd Management — Office of Water
Resources (DEM-OWR) made water needs forecagts for the towns in the Weir River watershed
in 1991 as part of the WRC/DEM River Basn Planning program. Once approved by the WRC,
the forecasts can be used by water suppliersin their Water Management Act permit gpplications.

*2 Franklin, James L. The Boston Globe, “ Taking Water Seriously.” May 21, 2000.
% The Jordan Group, “ Town of Hingham - Survey of Businesses for Land Use Planning Study” July 31, 1999
> Weston & Sampson Engineers, Inc. “Evaluation of the Hingham Water Company.” June, 1990.
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DEM-OWR projected that average dailly demand (ADD) in Hingham and Hull (indudes dl
AWC customers) would be 3.62 MGD (1,321.30 MG per year) by the year 2000 and 3.79
MGD (1,383.35 MG per year) by the year 2010. These projections include an alowance for
economic growth. The DEM-OWR forecast for year 2000 for AWC water use (3.62 MGD)
compares favorably with the 1996-2000 average water use data (3.57 MGD). Hingham and
Hull comprise most of the service populaion of the AWC, and AWC withdrawals currently
account for dmost 85 percent of the water taken from the watershed.

The projections made by DEM in the 1991 study were done with a methodology thet is
no longer utilized by DEM. The Massachusetts Water Resources Commission (MWRC) and
DEM-OWR currently utilize two other methods for forecasting future water needs™. Method 1
is used for communities where three criteria are met: 1) Sufficient disaggregated water use data;
2) resdentia gallons per capita daily use (gpcd) of 80 or less; 3) unaccounted-for water factor of
15 percent or less. Method 2 is used when one or more of these criteriais not met. Water usein
the overdl Wer River watershed meets the first two criteria, but due to the high percentage of
“unaccounted-for water” in the AWC system, the third criterion is not met. Method 2 was
therefore chosen as the preferred forecasting technique.

In usng the MWRC / DEM-OWR methods, population projections through 2020 from
MAPC were used. Seasond population in Hull was assumed steedy at 6,000. Percent of
population served in eech community was held condant. As per MWRC / DEM-OWR
procedures, projected per capitaresdentid demand was held congtant in future years.

It should be noted that the percentage of unaccounted-for water in the overal system is
quite high in comparison to industry sandards. The mgority of the unaccounted-for water isin
the AWC system (20.3% on average), while the Norwell system has a much lower percentage
(8.1%). Method 1 may therefore be more appropriate for Norwell alone, but since the system
was andyzed in aggregate, Method 2 is Hill preferred. In any event, the use of Method 1
forecast methodology for Norwell would result only a minor reduction in the 2020 overdl
forecadt.

Based on Method 2, the totad average daily demand for water supplied from the Weir
River watershed is forecast to be 4.63 MGD in 2020, assuming population growth predicted by
MAPC. The forecast indicates that average daily demand on the AWC system in the year 2020
may be expected to increase by 0.47 MGD (13.2 percent above current levels) to 4.04 MGD.
Average daily demand on Norwell’s Weir River basin wels is forecast to increase by 0.03 MGD
(6.5 percent) to a totd of 0.49 MGD. The remaning use is by sdf-supplied users and the
exiging golf courses. The results of the demand forecast procedure are shown in Table 4-10.

** Massachusetts Water Resources Commission / DEM — OWR. “River Basin Planning Program — Generic
Water Needs Forecasting Methodology.” DEM — OWR Internal Document.
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The projected 2020 watershed-wide average dally withdrawa rate of 4.63 MGD is
based on the population forecasts from MAPC and past trends in the increase in non-residentia
demand. However, in the past two to three years, public announcements have been made
regarding proposds for subgtantid development within the Weir River watershed. These
proposed developments include the Hingham Shipyard redevelopment, the Black Rock Golf
Community, the Hingham Campus retirement community, and others. These proposed projects
are large enough to have required the filing of Environmental Notification Forms (ENFs) which
were published in the Massachusatts Environmental Monitor. A list of proposed large
developments in the Weir River watershed which have filed ENFs is contained in Table 4-11.
Much of this development is likely beyond that anticipated by MAPC, therefore, these projects
may represent additiond demand beyond that predicted through the water needs forecasting
methodology. The anticipated water needs of these projects are stated in the ENFs and are
reported in Table 4-11b. The reported tota combined average daily water use for these
proposed projects is 0.85 MGD. Based on information contained in the ENFs, 0.50 MGD of
this tota is to be supplied from the Weir River watershed, including 0.24 MGD from the AWC
system and 0.26 MGD from new irrigation wells. The remaining 0.35 MGD is expected to be
supplied from the proposed Taunton River Water Supply Desdination Project. It should be
noted however, that the Taunton River project currently lacks important permits which make its
ultimate completion uncertain. The addition of the extra demand on Welr River sources which
would be imposed by the projects could increase the 2020 average daily withdrawas from the
Waeir River watershed to 5.13 MGD. If the water currently expected to be provided by the
Taunton River desdination project is dso withdravn from the Wer River, average dally
withdrawals could reach as high as 5.48 by 2020.

Because there is no guarantee that any of these proposed developments will be
congtructed, GZA has used only the basdline demand forecast (4.63 MGD) to examine impacts
of future water withdrawals on the watershed.

It is assumed that the additiond volume of water will come dmos exclusvdy from
Subbasin 6, since the Free Street Wells have additiona capacity according to the 1994 Source of
Supply Study®. Other scenarios are possible, including new wels in southwest Hingham and
water purchased from outside the watershed, but this seems the most reasonable. Based on the
Method 2 results, totd withdrawals from the watershed in 2020 (basdline forecast) will exceed
the total registered and permitted limit of 4.23 MGD by 0.40 MGD or 9.5 percent.

According to USGS data for Massachusetts between 1990 and 1995, withdrawals for
public supplies increased by gpproximately 1.5 percent in total while population aso increased by
gpproximately 1.5 percent over the same time period.*” Therefore no gppreciable change in per
capita consumption was found to have occurred. Thisis generdly consstent with the assumptions
of the Method 2 forecast technique. USGS dated in 1990, “It seems likely that water

* American Water Works Service Company, Inc. “Hingham Source of Supply Study”, 1994.
" USGS, “Estimated use of water in the United Statesin 1995.” http://water.usgs.gov/watuse
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withdrawals for public supply and domestic uses will continue to increase as population increases.
However, higher water prices and active water conservation programs may reduce the per capita
use rate.”*® Based on the 1995 public supply use data for Massachusetts, this prediction appears
to be generdly accurate. The assumption of relaively satic per capita use seems gpplicable to
forecasts for water use in the Welr River watershed.

It should be noted, however, that in Hingham and Hull only, the average population
growth rate between 1990 and 2000 was approximately 2.1 percent. During this time the
demand for water from the Massachusetts American Water Company increased at a rate faster
than population growth. In other words, there was an increase in gross (base) per capita
consumption in Hingham and Hull in addition to a population increase. 1n 1990, the total demand
for the year was 1,163 MG. The five-year average demand from 1996-2000 had increased to
1,304 MG per year. Thisis an increase of 12.1 percent in water consumption over the same
decade when population increased by only 2.1 percent. This indicates an increase in gross (base)
per capita demand. Increases in per capita water use may not continue into the future, due to
increases in water codts, conservation measures, and limits on supply. If per capita demand does
continue to increase, however, future totad demand may exceed the Method 2 edtimates
presented above.

4.37 Recommendations For Water Conservation

An dterndive to developing additiona water supplies is to promote water conservation
through improved efficiency and reduced consumer demand. Ongoing efforts at leak detection by
the water utilities can reduce the amount of unaccounted for water which is lost before being
used. Individuad and busness water users themsdves can dso improve their own water usage
efficiency and thereby reduce demand. Low flow toilets and other plumbing fixtures have the
potentia to save water. More efficient lawn sprinkler systems or use of so-caled gray water can
ggnificantly reduce water demand. Landscaping with plants which are less water intensive can
reduce outdoor needs even further. Pricing schemes such as increasing block schedules can be
used to discourage heavy water usage. “Water Bank” clauses can be attached to building permits
which require proposed new demand to be baanced or exceeded by demand reductions
esewhere. Asareault of the Adminigtrative Consent Order issued by DEP, AWC has ingtituted
a “Water Bdance Program.” AWC dates that, “New deveopment in Hingham, Hull and
portions of North Cohasset will require the developer to find water savings in the communities,
which will offsat the water demand imposed by ther projects” These offsets will likdy be
provided by retrofitting of low flow fixtures and other conservation measures.

Specific recommendations for water conservation measures are listed bedow. The
Aquarion Water Company is currently promoting many of these concepts within its portion of the
watershed, but action at the Town level may also be necessary to promote conservation.

% USGS, “Estimated use of water in the United Statesin 1990 — Trends in Water Use.”
http://water.usgs.gov/watuse
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Reducing Residential Water Consumption (In-home measur es)

Daa from the American Water Works Association  shows that by ingtdling water
conservation measures insde the home, water consumption can be reduced by up to
32%. Thefollowingisatypica procedure for reducing in-home water consumption:

1. Ensurethat local bylaws support water conservation:
Review exiging bylaws to ensure that they do not promote unnecessary water
consumption, ensure that bylaws support federd maximum water- use requirements,

2. Promote the idea of water conservation throughout the watershed:
Following the decison to implement a water conservation program the main chalenge
to overcome is changing peoples habits. The first part of this is education about the
benefits of reducing water use. For example, New Englanders often find it hard to
believe that there is insufficient water because of the amount of rain that fals in an
average year. Education through the media or through schools can often be effective
asafirst step.

3. Conduct water conservation audits:
Publicized by and running parale to the education program, many cities have made
water consarvation audits easly avallable (e.g. by making evening and weekend audit
gppointments available in addition to regular working days). In some cities, these are
free and provide customers with the opportunity to get free low flow-showerheads,
faucet aerators, and hose nozzle heads ingdled, plus home-specific advice about
further conservation measures that may be appropriate.

4. Implement schemes to facilitate exchange of conventiond fixtures for low-flow
fixtures.

Reducing Commer cial Water Consumption

Commercia water users should be strongly encouraged to evauate thelr water use
practices for areas of potentid improvement. While water consumption within this sector
varies from one enterprise to another, water is mostly used for purposes such as cleaning
and sanitation, cooling and heating, plumbing and landscape irrigation. Due to the nature
of commercid buildings and their use, the mgority of water savings can be brought about
by changes such as:

Retrofiting domegtic plumbing fixtures (low-flow toilets, faucets etc) and
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checking for leaks

Dedgning irrigaion sysdems to maximize waering efficency and avoid

unnecessary watering

Capturing, holding and using rainwater for irrigation

Using Xeriscaping techniques (plants and grass species native to the area and

therefore adapted to the loca climate) for landscaping

Parking lot and/or interstate median adaptations to minimize sormwater runoff to

municipa drains and redirect runoff to water lowered planting beds and grassy

swaes

Changesto practicesin particular commercia businesses

Examining commercid business types for potentiad water savings can lead to

changes in practice and implementation of money and water saving devices.

Effective metering dlows easy monitoring of businesses that use large amounts of

water. Examples of particular businesses that have made significant water savings

incdude:

- Ca Washes. In Seatle, WA, a bus company reduced its freshwater
consumption by 93 percent washes by reclaming their water.

- Hogpitds In Norwood, MA, retrofitting the hospitals serilizers with a system
that collects, cools, pumps and recirculates the cooling water saved 8 percent
of the hospitals total water use.

- Commercid kitchens: In Boston, reducing the flow rate of the food disposal
system from 24 gdlons per minute (gpm) to 6 gpm decreased water use by
approximatey 1.4 MG per year with a payback time of less than 2 weeks.

Reducing Outdoor Water Consumption

Targeting outdoor water use habits for resdentiad and commercid properties with large
lawns for education programs could result in sgnificant water savings within the Weir
River Watershed. Additiond savings can be made by gpplying these techniques to public
landscaped areas such as parks. Other options for encouraging water conservation
outdoors includes raigng water rates (and indituting tariff/revard systems for water
conservation), implementing local ordinances amed a reducing lavn over-watering,
and/or requiring new developments to submit plans with water-wise design dements.

Lawn Watering Technigues:

Promotion of optimum irrigation schedues can result in reduced water  usage
Most lawns only need watering once or twice a week, once they have adapted to
less water.

Once inch of water on the lawn is sufficient for 1-2 weeks

The optimum time of day to water lawvns to get maximum irrigation benefits is
before or a dawn or after dark.

Drip systems are much more efficient (and often chegper) than sprinkler systems,
where much water is lost to evaporation and runoff.



Xeriscaping: usng plants native to the Northeast (and therefore adapted to ranfal
petterns), using plants gppropriate to the soil conditions, usng efficient irrigation
techniques is becoming more popular. These techniques have been shown to result in
water savings of up to 50% compared with conventiond landscaping practices and aso
result in water quality benefits due to reduced need for chemical fertilizers.

4.40 RETURN FLOWS

Return flow refers to water which remains in the watershed water balance after use. Return flows
are available for additiona re-useswithin the basin and are not subtracted from the overal water
budget. The qudity of return flows may, however, redtrict the possible uses of return flows in
some cases if water is not adequately treated before discharge. Various types of return flows are
discussed below. Return flows are later quantified in GZA water budget estimates (Appendix F).

4.41 Wasewater and Stormwater

Wastewater collection in the Weir River watershed is through a combination of public
sewer systems and private septic systems.  The proportion of population served by sewer
systems varies by town and is shown in Table 4-12. In generd, much of north Hingham and all
of Hull are sawered. Less than haf of Cohasset resdents use septic systems, but al Norwell
resdents have septic systems.  Virtudly dl of Weymouth and Rockland are connected to
municipa sawers.

After water is used by consumersit is discharged to ether amunicipal sewer system or an
on-Ste septic system, as described above. Wastewater which is collected by sewers is removed
from the watershed. Wadtewater treated by the MWRA Nut Idand WWTP and the Hull
WWTP is discharged directly to the Massachusetts Bay, and discharges from the Rockland
WWTP do not re-enter the Weir River watershed. Once water enters the various sewage
sysemsin the bagin, it is essentidly removed from the watershed without the possibility of further
use. Sanitay sewers dso may cause loss of groundwater due to infiltration and inflow.
However, this effect is typicaly unimportant to flows in the streams and rivers of the Weir River
basn since the sewered areas are in north Hingham and Hull, which are within the tidal portion of
the watershed.

Wastewater trested using septic tanks and subsurface infiltration pits or leach fidds is a
different matter. Septic systems generdly use smal underground tanks to collect wastewater and
treat it through sedimentation and biologicd action. After passng through the tank, the
wadewater is removed by dlowing it to infiltrate into the ground, usudly through buried
perforated pipes. Some of the water discharged from septic systems may be transpired by
overlying plants, but most of it filters through the soil and infiltretes to the water table below. If
the septic system is within the Weir River watershed, then the water is once again available for
use as outflow to streams or as supply to be withdrawn from wells. The mgority of the water is,



in essence, recycled. Thisisreflected in GZA’s water balance caculations. For the purposes of
our water baance, we have employed a typica Massachusetts consumptive loss factor for
municipa and residential use of 17.1 percent.>® Consumptive lossis the portion of water demand
which does not return to a septic or sewer system as waste water. For instance, some water is
lost to evaporation from lawns and pools or is consumed in industrid processes.

The ultimate fate of wastewater is therefore important to the overal basin water baance.
Table 413 ligs the quantities of wastewater that are assumed to renfiltrate into Wer River
watershed groundwater aquifers based on population, per capita consumption, sewer coverage,
and a factor for consumptive uses such as lawn watering. Overdl, gpproximately 42 percent of
the watershed’'s population’s wastewater is discharged via septic sysems, resulting in an
edimated 1.14 MGD return flow to the watershed. This accounts for gpproximately 27.6
percent of water withdrawn from within the watershed.

Stormwater and dreet drainage systems were observed during field reconnaissance
throughout the watershed. Stormwater runoff appears to discharge to nearby streams (i.e, in-
basn discharge). Stormwater is consdered to be part of overal surface runoff in the water
balance. The sormwater system is separate from the sanitary sewers.

4.42 Groundwater Outflows

The baseflow of the streams of the Weir River watershed is supplied by groundwater
outflow. When rain or other water infiltrates into the soil, particularly in the areas of Srdified
drift, it serves to recharge the groundwater aquifers. Because most of these aquifers are shdlow,
unconfined aquifers, additional water is stored by means of arise in the water table. When the
water table and the ground surface intersect at a low area such as a streambed, water can re-
emerge from the ground and become surface water flow. Groundwater outflow serves to
dabilize the elevation of the water table, Snce more water will exit into streams as the water table
rises. Over the long term and under natura conditions, it can be assumed that the overal quantity
of groundwater stored in the aquifers is rdlatively congtant. In such a caseg, it is reasonable to
assume that al water which infiltrates into the watershed subsurface eventudly re-surfaces, either
as outflow to sreams or direct outflow to the sea.  Pumping of groundwater can affect this
baance. The USGS description of the Boston Harbor Basin and the Weymouth and Weir River
subbasin states, “ Streamflow in many of the subbasins is affected by ground-water pumpage.”®
As water is extracted from groundwater aguifers and the water table is lowered by pumping, the
amount of groundwater outflow can be reduced, stopped, or even reversed. When wells are
pumped such that water from streams begins to recharge the groundwater, a Stuation known as
“induced infiltration” issaid to exig.

Groundweter outflow is difficult to directly measure, except a well-defined springs. As
such, groundwater outflow is generdly inferred by measuring streamflow before or sgnificartly

¥ Solley et al, “Estimated uses of water in the USin 1985” USGS Circular 1004, 1988.
% USGS, “Water Resources of Massachusetts” WRI-Report 90-4144, 1992.
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after rain events. GZA’s estimates of groundwater outflow, or baseflow, are provided in Section
4.50.

4.50 WATER BALANCE DEVELOPMENT AND SAFE YIELD ESTIMATE

Safe Yidd is a hydrologic term with severd different meanings. One common definition of Safe
Yidd is, “The maximum quantity of water which can be guaranteed during a critica dry period.”®
Knowledge of the safe yield associated with awater source (reservoir, agquifer, watershed, etc.) is
important to prevent demand from exceeding the available and reliable supply. During periods
when water is abundant, the available supply may far exceed the estimated safe yield, but during
drought conditions supply will be reduced. Safe Yield generdly represents the quantity of water
which would be avallable under expected drought conditions.

Severd edimates of the Safe Yidd, as defined above, have been made for the Wer River
watershed. The Town of Hingham commissioned a report in 1990 on what was then cdled the
Hingham Water Company (now AWC) which estimated a safe yield for the sysem. A more
recent and refined study was completed by the Massachusetts- American Water Company in
1994 following water shortages in 1993. The Water Resources Management Program has
developed a safe yidd estimate procedure, which was applied to the Weir River Watershed
subbasins.

In this report, GZA has developed a detalled procedure to estimate safe yield usng a monthly
water balance. Because a mgor objective of this report is to examine the interaction between
water supply demand and the environment, “safe yield” has been defined in this report to mean
the amount of water which may be withdrawvn while maintaining an acceptable level of aguatic
habitat. The term “Aquatic Habitat Safe Yield” has been coined for this concept and is
completely disparate from the water supply safe yield as used by the DEP for source gpproval.
As per the DEM 452 scope of work, the water balance was performed for virgin, current, and
future (growth) scenarios in both average and dry years. This report focuses on the “average
year” conditions when discussng the Aquatic Habitat Safe Yidd, but it should be remembered
that typicaly “safe yidd” estimates developed grictly for water supply reliability purposes assume
conditions closer to the “dry year” scenario. The water balance incorporates the above
information to formulate a hydrologic description of the watershed for each of the scenarios. Safe
yield estimates appropriate for maintenance of aguetic life were then developed by GZA from the
results of the water balance. Note the water balance developed for this project is smplified
because it does not account for detailed processes of the hydrologic cycle, such as snowpack
and soil moisture / orage; refer to the Limitations provided in Appendix A. This hydrologic
information is intended to provide the bass by which the DEM, DEP, water purveyors, area
communities, and other stakeholders will formulate future watershed management srategies.

451 Exiging Safe Yidd Edimates

8 Lindey, RK. and Franzini, J.B. Water-Resources Engineering. McGraw-Hill. 1964.




The following subsections present information on Safe Yield estimates developed by
others or devel oped using techniques created by others. GZA'’s estimate of Aquatic Habitat Safe
Yiddispresented in Section 5.50.

451.1 Town of Hingham Report (Weston & Sampson)

The Town of Hingham commissoned a report on its water sysem which was
completed in June of 1990. The report was prepared by Weston & Sampson Engineers, Inc.
and dedt with, among other issues, the estimated safe yield of the Hingham Water Company
system (now owned and operated by AWC)*. The report estimates the safe yield of Accord
Pond as gpproximately 0.4 MGD, usng New England Water Works Association methodology.
It states that storage in Accord Pond might provide additional water (up to 550 million gdlons of
active plus dead storage) in an emergency. The report indicates that overall surface water safe
yidd of the watershed (inclusive of Accord Pond) is gpproximatey 3.0 MGD. This assumes
withdrawals of al surface water in the Accord Pond and Brook subbasins above the Brook
diverson point. The report cautions that “[M]ore hitorical datais required to Satisticaly andyze
the dependable streamflow of the Accord Brook.” Groundwater yield was computed in a
different manner. For groundwater resources, the Weston & Sampson report defined safe yield
as “[T]he quantity of groundwater that can be reiably withdrawn without excessve drawdown
that may cause contamination or impairment of the aguifer as a groundwater source” The
groundwater safe yield estimates therefore are more indicative of loca condition and well capacity
than of overal water bdance. Based on these criteria, groundwater safe yield was estimated as
gpproximately 6.3 MGD. Accounting for both surface water and groundwater, the total Safe
Yidd of the Weir River watershed (subbasins 1 — 6) is given as between 9.1 to 9.3 MGD. The
Weston and Sampson report states that the pumping from the Norwell wells in the watershed
must dso be supplied from thistotdl.

It should be noted that the results of this report are in significant disagreement with
the results reported in a later report by the parent company of the Massachusetts American
Water Company (see section 4.51.2). Given the disparity between the safe yield reported by
Weston & Sampson and historic water usage, the totad safe yield vaue of 9.1 MGD must be
viewed with sugpicion, in GZA’s opinion.

4.51.2 Hingham Source of Supply Study Report (MAWC)

A more recent report was produced by the Massachusetts American Water
Company (now Aquarion Water Company of Massachusetts) entitled “Hingham Source of
Supply Study, January 1994. This study reports a sgnificantly estimated safe yield for the
Hingham system (including Hull and North Cohasset). The report states, “[T]he tota estimated
safe yidd of the Hingham water systlem’s sources of supply, excluding Free Street Well No. 4 is

82 \Weston & Sampson Engineers, Inc. “Evaluation of the Hingham W ater Company System.” June, 1990.
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about 4.29 mgd... These amounts represent the estimated maximum production rates that could
be sustained from the Water Company’ s approved sources of supply, including a repetition of the
severe dry periods during the summer of 1993.” It should be noted that the drought of record
typicaly used to etimate safe yield in Massachusetts is the multi-year drought of the mid-1960's.

The report dso dates, “During the summer of 1993, the Water Company
experienced an estimated deficit of 0.35 mgd, conssting of a 0.10 mgd safe yidd surplus in the
high service gradient and an estimated 0.45 mgd deficit from main service gradient supplies.
Emergency use of Free Street Well No. 4 (whose estimated safe yield of about 0.66 mgd, is not
included in these estimates) was a criticd factor enabling the water company to avoid more
serious shortages. Without Free Street Well No. 4, the safe yidd deficit is projected to increase
to 0.12 mgd...[based on projected summer average day demandsin 2010]” Even larger deficits
are expected by the report during summertime maximum demand days. It is noted in the report
that, “During 1993, the total annua system ddlivery of 3.59 mgd exceeded the registered amount
by 0.08 mgd, and was only 0.02 mgd below the amount for which a permit would have been
required.” The report also dates that, “[D]uring the summer of 1993, Accord Brook ran dry...”
and notes that the safe yield of Accord Brook is“zero.”

In summary, the MAWC study reports the following vaues for the safe yield of the
sysem:

Groundwater Wells 297 MGD  (excdudes Free St. #4)
Coallection Wdll: 0.89MGD  (Fulling Mill Pond)
Surface Water: 0.43MGD  (Accord Pond)

SAFE YIELD: 4.29 MGD

Emergency Source  0.66 MGD  (Free St. Well #4)

EMERGENCY
SAFE YIELD: 4.95 MGD

451.3 Norwdl Sources Safe Yield

The Town of Norwdl’'s four wells in the watershed have also been assessed for
thelr safe yidd capacity. According to information provided by the Norwell Water Department,
the combined safe yield of the four wells within the Weir River Watershed (Well Nos. 2, 3, 5,
and 10) is 1.00 MGD. Information contained in earlier reports varies somewhat. The Zone 1
Delinegtion Study of the Grove Street Wdl Fedd commissoned by the Norwel Water
Department and conducted Donald E. Reed in 1994 dates that the combined safe yidd of the
four wellsis 0.74 MGD. This rate was developed based on actud pumping ratesin 1993. An
earlier report by 1EP Inc. prepared in 1988 ligs dightly different vaues for the Wer River
watershed wells.



451.4 Water Resources Management Program Safe Yield

The methods of estimating safe yield as specified in the DEP Massachusetts Water
Resources Management Program regulations (310CMR36.00) were gpplied on a subbasin levd.
The safe yield is used to assess the impact of new withdrawas for water supply sources upon
exising water resources.  This dlows regulatory agencies to evduate the avallability of water for
new permit applications. GZA consulted Dr. Neill M. Fennessey, Professor of Hydrology of the
Univeraty of Massachusetts a Dartmouth, who was indrumenta in developing the safe yidd
guiddines in the regulaions. According to the regulations, the following equation is used to
esimate the average annud safeyidd in abagin:

Average Annud Safe Yield = [E {Qgo/Qs1} - Dg Qmin] Dy / Dy
where:

E {Qs0/Qs1} = edtimated daily streamflow for July through September,
1980-1981, cfsm

D, = Drainage area of reference basin, mi

Qmin = Water Management reference streamflow, cfs

D}, = Subbasin drainage area, mi?

For gpplication to the Weir River Watershed, the closest USGS stream gage (Old
Swvamp River a Weymouth) was used to esimate an E{Qgo/Qg} Of 1.05 cfsm and the
corresponding Dy, the drainage area of the gage, 4.29 mi°>. A Quin of 0.15 cfsm was chosen as
recommended by the Massachusetts Divison of Marine Fisheries. Asshown in Table 4-14, The
safe yidd for each subbasin was subsequently estimated by substituting each respective drainage
areafor D,

452 Water Balance M ethodology

The methods of edtimating safe yield presented above are independent of time for the
most part and do not provide a clear picture of the relationship between water demand and the
aguatic environment. For this, awater balance is necessary. However, an average annua water
budget model does not provide enough resolution to predict streamflow (and the baseflow
component of tota runoff) on a more refined, monthly basis. Detailed andyses usng computer
modds such as HSPF (Hydrologic Smulation Program Fortran) require extensve amounts of
watershed data, and cdibration smulations which are not within the scope of this project.
Therefore, GZA has used a smplified monthly water budget modd to asss in the estimating
seasond values for aguatic habitat safe yield.

A water balance or budget is, a its smplest, an accounting of al water flowing into, out
of, and/or stored within a watershed or subbasin. The water budget moddl used by GZA is a
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one-dimensond modd with a monthly time step. A separate model has been gpplied to each
subbasin and these are then linked. Inflow in the form of precipitation or streamflow is balanced
agang outflow which occurs as evapotranspiration, streamflow, or withdrawd. Egimating
changes in overal storage, either surface water or groundwater are dso possible. By accounting
for dl sorage and trandfer terms, and by varying the inputs and withdrawals, various drought and
demand scenarios may be considered using the water balance moddl.

In developing the water balance modd and the hydrologic characterigtics of the Weir
River watershed, GZA used generd methodologies described in publications such as the USGS
Water Resource Inventory Bulletins®™.  These publications have provided good generd
information on surface and groundwater resources.

A primary god of this sudy and key rationae for developing the water balance is to
examine how demand for water affects the quantity and quality of aquatic habitat based on flows
a various times of the year. As will be further discussed in Section 5.30, a key factor in
determining the suitability of a stream to provide aquatic habitat is the amount of flow within the
dream. Therefore, one of the most important outputs from the water baance modd is the
quantity of flow expected to reman in the streams and rivers of the basin in each month,
particularly in dry months.

Totd dreamflow is made up of two components, sormwater surface runoff and
groundwater outflow (also caled baseflow). For a smal watershed such as the Weir River basin,
the surface water component is often too trandent and flashy in the summer months (on an
average monthly bass) to be important for biologic activity. The quantity of streamflow
contributed by average summer baseflow is likely to be a more accurate predictor of the typica
median summer sreamflow (which is the parameter preferred by USFWS in its New England
ABF Policy). Thus we have, via amplified methods, developed a relationship between storage
and groundwater baseflow (outflow).

Simply put, a means was needed to predict monthly baseflow (which will be used as a
proxy for the typicd median summertime sreamflow) based on an estimate of monthly change in
aquifer sorage. By developing this rdaionship for an average year, under assumed “virgin”
conditions on a subbasin level, GZA was able to develop a basic rdationship between aquifer
storage and baseflow. (“Virgin® conditions were defined as pre-development, no withdrawals.)
GZA then evauated how changes in aguifer sorage due to pumping withdrawas may decrease
tota streamflow and potentidly impact loca aguetic biology. The andysis wes carried out on a
subbasin leve. The modd development process is presented bedow and the modeding
implementation and results are described in Sections 4.53 and 4.54:

% These reportsinclude: Mazzaferro, D.L., Handman, E.H., Thomas, M.P., “Water Resource Inventory of
Connecticut - Part 8 - Quinnipiac River Basin”, prepared by USGS in cooperation with CTDEP, Connecticut
Water Resource Bulletin No. 27 (1979).
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Known (or directly estimated) variables: Precipitation, Evapotrangpiration, pumping
withdrawals.

Unknown varigbles: actua streamflow rates, actud basin-wide aquifer sorage, monthly
infiltration rates.

Step 11 Edimate average monthly tota stream flow rates in the ungaged, “virgin® Waeir
River watershed by using stream gage data from smilar, nearby watersheds and normaizing
for drainage area. As there are no permanent USGS streamflow gaging stations in the study
area, use of flow data from other smilar watersheds was necessary. The USGS gages used
in our analyses were based on smilar, rdatively undeveloped (virgin) watersheds Old
Swvamp River a Weymouth and Indian Head River a Hanover. Although useful for
comparison purposes, the existing database of GZA, USGS, and other organization flow data
cannot be used to confidently establish monthly average flow patterns due to limited periods
of record. Continuoudly recording or daily stream gage data with long periods of record (i.e.,
sample sze) were used to esimate flow patterns in the watershed. As with any other
datistical endeavor, the larger the sample Sze, the higher the confidence in forecasting trends
in the data. Monthly average flow estimates based on observed flow data with smal and
non-uniform sample szes are susceptible to error based upon potentidly extreme dimate
conditions (i.e., drought, flood), unforeseen conditions (water supply demand fluctuations),
and/or flow measurement variability (human error, mechanica defects, etc.).

Step 2 Derive average monthly baseflow rates in the “virgin” Wer River watershed
through USGS program HY SEP (Hydrograph Separation). HY SEP takes average daily
data from a USGS gage and estimates percent of totd flow which is baseflow. Baseflow
percentages from similar watersheds derived using HY SEP were normaized to cfsm ad
applied to the Weir River Watershed.

Step 3: Cdculae monthly water bdance for average year climate conditions
(precipitation). Input baseflows found in Step 2. Assume initid Storage is zero (an arbitrary
assgnment). Storage values which are estimated in the process will be rdative to this existing
condition. Solve for monthly change in storage.

Step 4: Plot Storage at time (t) vs. Baseflow at time (t+1). Use these 12 data points to
develop what is essentidly a“rating curve’ of Storage vs. Baseflow.

Step 5: Now the water balance evaluation can be performed for other scenarios (i.e. dry
years, increased pumping, etc.), solving for resultant baseflow in the study stream. Together
with the Jenkins Method for calculating streamflow depletion due to pumping wells®, we can

% C.T. Jenkins, “Computation of Rate and Volume of Stream Depletion by Wells,” Techniques of Water-
Resources Investigations of the USGS, Book 4, Chapter D1, 1977.

71



quantitetively evaduate (at leest on a prdiminary leve) the rdative impact pumping has on
baseflow and whether the resultant flows are sufficient to sustain aquatic life.

A detailed description of the mode spreadsheet entries is provided in Appendix F. 1n addition,
the eguations rdating the pertinent parameters of the water bdance (i.e, precipitation,
evapotranspiration, runoff, baseflow, withdrawals, etc.) and copies of the model spreadsheets are
in Appendix F.

4.53 Water Baance Discusson and Reaults

To dat as smply as possble and to avoid complications introduced by water supply
withdrawas and human impacts, the “pre-development” virgin condition was selected to develop
the baseflow-gtorage relationship. The underlying assumptions and results of each sep are
presented below:

As per the scope of the study developed by DEM, the water balance modd was used to
examine severd different scenarios. Three different developments scenarios were created and
each of them was modeed under two different hydrologic conditions.

Deve opment Scenarios,

Virgin Scenario: Assumed naurd conditions which exised before
settlement and development of the area and withdrawals from the watershed.
Developed Scenario: Water demand set at present (1998) level. See
Section 4.33

Future Scenario: Water demand forecast for the year 2020 by DEM-
OWR Method 2. See Section 4.36.

It should be noted that the change in percent impervious cover in the watershed
was not factored directly into the “developed” and “future’ conditions. Although
the promulgation of impervious areas can enhance surface runoff and impair loca
groundwater recharge, it is assumed to have a minor impact over the long term
and over the entire extent of the watershed given the residentid and moderately
developed nature of the Weir River Basin.

The mgority of the land use in the nontidd (i.e, recharging) areas of the
watershed are predominantly forested or large-lot resdentid. Land Classified as
Urban, Commercid, or Industrid accounts for only 5 percent of the totd
watershed area. Many of the limited impervious areas in the residentia aress,
such as rooftops, driveways, or smal parking lots, are not interconnected directly
to large-scale drainage systems. While increases in impervious area will cause an
increase of direct sormwater runoff from a ste during a sgnificant sorm event,
the effects of changes in infiltration characterigtics (as represented by the SCS
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runoff curve number) is much less pronounced when the cumulative rainfal depth
of asgngle event is amdl (2-inches or less). In an average year, smdl individud
ranfal events are more common than the intense sorms generdly used in
designing sormwater systems and make up the mgority of precipitation.  For
these reasons, the cumulative effects of the increases in impervious area in the
Weir River watershed are not likely to cause appreciably changes in the baseflow
when compared to the “virgin® (i.e,, basdline) condition, on an average monthly
basis, and totd streamflow will be unaffected.

Furthermore, the “virgin® condition flows were developed usng sSmilar
watersheds as the Weir River basn a Old Swvamp River in Weymouth and
Indian Head River in Hanover. Since it is virtudly impossble to find a truly
undeveloped watershed in Southeastern Massachusetts from which to generate
virgin flow estimates for an ungaged basin, it was judged appropriate to locate
amilar basns with a minimd amount of water supply withdrawds  The
streamflow and bassflow data used for the smplified modd were derived from
these amilar basins, and thus the effects of impervious areas are essentidly built-in
to the virgin modd. The generd method of usng watersheds with minima
withdrawas to develop regresson equations for ungaged basins was recently
employed by the USGS in developing the StreamStats web application (USGS,
WRI-00-4135).

Both of the smilar watersheds contain continuous record USGS stream gages.
Both of these basins are consdered “naturd” due to the lack of water supply
withdrawas and other flow controls, and were used in the development or
correlation process of the StreeamStats regresson equations (USGS, WRI 00
4135); however, both of these basins do have some development (residentid,
commercid, etc.) and thus more impervious area than under “virgin” conditions.
In fact, Old Swamp River and Indian Head River watershed contain more urban
and industrid land (22 percent and 17 percent respectively) than the Weir River
watershed (5 percent). Further reduction in infiltration (and therefore baseflow)
for the “current” scenario would be, in essence, “double-counting,” in GZA's
opinion. The “virgin” baseflows in the Wer River watershed therefore, if
anything, underestimate the effects of present water supply withdrawas on
current baseflows since the effects of impervious area are reflected in the flows
from the two Similar watersheds.

The effects of additiona impervious area under future conditions has been
discounted for dl of the reasons stated above and because regulations require
dormwater planning for new development which encourages infiltration of
additiona runoff generated by devel opment.

73



Hydrologic Conditions

Average Year Conditions: Asaumes that rainfal and dl other climate
inputs are equd to the long-term mean value.
Dry Year Conditions. Assumes rainfdl amounts tha would

likely occur ina 1l in 20 year drought, i.e. 95 percent exceedence. All other
climate factions (ET, etc.) are assumed average and demand isthe same asin
the average year condition. See Section 4.53.6

4.53.1 Monthly How (Step 1)

Evauaing monthly flow begins in the amilar watersheds (discussed in Section
3.31 and Table 3-5) that share some of the hydrologic, geographic, and land use characteristics
of the Weir River watershed. Each watershed was investigated using MassGIS surficid geology
and water supply data layers and compared to the “virgin® Weir River watershed. As shown on
Figure 4 3a, the Old Swamp River & Weymouth and the Indian Head River at Hanover most
resembled the virgin condition, with only one reported withdrawa point. The percent of dratified
drift varied, however, from 26.4 percent in the Old Swamp River watershed to 59.9 percent in
the Indian Head Rver watershed. These respective vaues lie below and above the amount of
dratified drift in the Wer River Basin, which is 46 percent. The full period of record of daily flow
data from the respective USGS stream gages was obtained from the USGS web ste
(Wwww.usgs.gov). Data from smilar watersheds was andyzed using the USGS computer program
SWSTAT, which produced an average monthly streamflow vaue. The average monthly
sreamflow vaue for each watershed was normalized for drainage areg, as shown in Figure 4-4
and Table 4-15. The average monthly flow (cfsm) for each watershed is quite Smilar, despite the
difference in the percentage of dratified drift underlying each basin. Average monthly flows pesk
in March, ranging from about 3.9 cfam in the Indian Head River to aout 3.8 cfsm in the Old
Swamp River, and reach a minimum in July, ranging from 0.7 cfam in the Indian Head River to
0.6 cfam in the Old Swvamp River. The average monthly flow in cfan for the Wer River was
esimated by teking the weighted average of the two flows based on percent dratified-drift.
Lowest monthly vaues occur in the months of July, August, and September when the flow
reaches a minimum of 0.6 to 0.7 cfam. The peak monthly flow vaue occurs in March a 3.8
cfam.

4.53.2 Baseflow Separation (Step 2)

Baseflow separation was accomplished with HY SEP (Hydrograph Separation, a
USGS computer program) which accepts input in the form of average daily flows for a period of
record and estimates the percentage of streamflow which is baseflow. The program relies on
mathematicad methods that mimic the methods of hand-separating baseflow from observed
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hydrographs.® The percentage of baseflow for the Smilar watersheds was applied to the Weir
River watershed on a cfsm bass. Figure 4-5 and Table 4-15 shows the monthly Wer River
sreamflow and baseflow vaues for the virgin condition on acfsm bass. Baseflow vduesare a a
minimum of 37 percent of totd flow, or aout 0.3 cfam, in the month of Augus. Highest
baseflow is predicted to occur in March, when the baseflow is estimated as 62 percent of tota
flow, or gpproximately 2.3 cfsm. The results appear counter-intuitive  firs glance, snce it is
widdy accepted that baseflow represents the mgority of tota streamflow in the dry summer
months. However, while totd sreamflows in August may consst of primarily groundwater
outflow for the mgority of days, rdativey high-intengty summer precipitation events and tropica
dorms gppear to enhance the magnitude of monthly average streamflow, especidly in
congderation of the low flows expected in summer. In this context, the HY SEP results (provided
in Appendix F) may be more clearly understood. This is dso further judtification for the use of
mean baseflow to establish minimum flow threshold recommendations.

453.3 Monthly Water Baance for the Study Area under Virgin Conditions
(Step 3)

Once monthly streamflow and bassflow were estimated, the monthly water
balance under virgin conditions for the entire 23.4 square-mile study area was evaluated. The
results of the water balance were subsequently checked for reasonableness through comparison
to expected and/or predicted vaues of streamflow and annua change in storage as discussed in
previous sections. Using the methods of Section 4.10 and aforementioned USGS reference
materias, inflow and outflow volumes were estimated and monthly changes in storage predicted.
Refer to Appendix Ffor a detalled description of the water baance cdculations. Key input
parameters include monthly precipitation and monthly evapotranspiration estimates, as discussed
in Section 3.23 and 3.25, respectively. The initial storage in the watershed was set to zero to
represent an initia (arbitrary) condition. Estimating the actud storage of the watershed would
require detailed hydrogeologic data and aguifer which are not available for the Weir River
watershed.

Infiltration volumes and monthly Sorage changes were esimated using
precipitation, evapotranspiration, streamflow, and baseflow information. Infiltration estimates
were developed by subtracting the volume of runoff, which is equd to the difference in totd
sreamflow and baseflow, from the volume of precipitation remaning after evapotranspiration.
The monthly change in storage was then estimated as the difference between the infiltration
volume and the bassflow volume.

As discussed in Section 4.10, there is assumed to be no change in storage on an
average anua bass. Therefore, the totd annuad streamflow (or basin outflow cmposed of
baseflow and surface runoff) should equa the volume of precipitation after evapotranspiration
(resultant precipitation). However, since the analyses performed for baseflow and streamflow

% Sloto and Crouse, “HY SEP: A Computer Program for Streamflow Hydrograph Separation and Analysis”,
USGSWRI 96-4040, 1996.
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were based on edimates from USGS methodology and smilar watersheds, the tota annud
dreamflow was dightly different than our cadculated resultant precipitation. Therefore, a
“Correction Factor” was needed to balance the totd annud streamflow and the resultant volume
of precipitation. The Correction Factor (CF) is equd to the annud resultant volume of
precipitation divided by the totd annud streamflow. The CF is then gpplied to streamflow
volumes to ensure our annua water balance for virgin conditions reflects seady-tate storage
conditions.

The CF for the study area under virgin conditions was about 0.96. This indicates
that the estimate of the volume of resultant precipitation in the Weir River watershed was only
about 4 percent below the estimate of tota streamflow developed from USGS methods in the
amilar watersheds. Adjugting the streamflow amounts by CF resulted in an average annua
change in torage of zero. The amount of storage in the basin was predicted to be below the
initid condition (i.e. net storage deficit) from May to November and aguifer recharge was
predicted to occur in the late autumn and winter months. The lowest adjusted tota streamflow
was edimated at 0.6 cfam in the month of July and the lowest adjusted total baseflow was
esimated a 0.2 cfam in the month of Augugt. Although it is not possible to compare predicted
water baance flows with actua virgin condition values (snce there is no stream gage data), the
estimates obtained using this water ba ance methodology appear reasonable, in GZA’s opinion.

4.53.4 Storage-Baseflow Rdationship Deve opment

The relaionship between the amount of storage in the watershed and the resulting
baseflow into streams was devel oped based on the virgin condition for the entire study area. The
developed storage-bassflow rating curve was then investigated for Satisticd accuracy and
gpplied to other scenarios, such as developed conditions. The absolute storage volume used by
the modd is arbitrary and does not necessarily represent the actud amount of groundwater in the
aquifer. The storage-bassflow relationship is based on the change in storage from the initid
arbitrary value.

The dorage-baseflow reaionship was developed by plotting the estimated
monthly total storage againg the estimated baseflow. A linear “best-fit” trend line was then fitted
to the plot, as shown on Figure 4-6(a). The square of the Pearson product moment correlation
coefficient, commonly referred to as the “R-squared” vaue, and the correlation coefficient were
cadculated for the trend line. The R-squared vaue can be thought of as the proportion of variance
in one s&t of variables dtributable to the variance in another set of variables. The trend line
exhibited good datisticd associaion, with an R-sgquared vaue of 0.92 and a correlation
coefficient of 0.96.

4.53.5 Deveoped Conditions: Baseflow Edimates and the Jenkins Method for
Stream Depletion by Wdls
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The storage-baseflow relationship estimated for each subbasin was applied to the
developed condition. Refer to Appendix Ffor a detailed description of the water balance
methodology for the developed condition. The genera gpproach is identicd to the virgin water
balance, with the exception of baseflow estimates and the addition of the Jenkins Method to
predict stream depletion by wells.

Bassflow was estimated based on the equation of the trend line developed as
discussed in the previous section. The tota storage in the basin was set at zero at the gtart of the
model, and a corresponding baseflow was computed. Astotal storage varied with each month, a
revised baseflow was estimated and used in the subsequent month’s water baance.

The impacts of well withdrawas were modeled usng Jenkins Method, which
provides a smple approach to estimate the effects of groundwater withdrawa on nearby streams.
Jenkins Method alows for estimates of: 1) the rate of stream depletion at any time during the
pumping period or the following nonpumping period, 2) the volume of water induced from the
stream during any period, and 3) the effects of any pattern of intermittent pumping. This method
was recently used in a sSimilar study conducted on the Ipswich River Basin by the USGS®
Edtimates of stream depletion are made through the use of a series of dimensionless curves and
tables. Key input parameters include aquifer sorativity and the transmissivity, the seady date
pumping rate, pumping time, and the perpendicular distance from the pumping well to the stream.
Jenkins Method calculations are provided in Appendix F. A summary of Jenkins Method
caculationsispresented in Table 4-16 and Table 4-17. The depletion of the nearest stream was
estimated for each pumping well based on the monthly pumping records from the 1998 DEP
Public Water Supply Annud Statistics Report.  An adjusted streamflow and baseflow rate was
then estimated by subtracting the Jenkins volume of depletion due to pumping wdls. On a
watershed-wide basis, the most sgnificant month for streamflow depletion is August, when 4.2
cfsis depleted from the collective streams of the watershed.

Accounting for stream depletion and wel pumping, the annud change under
average conditions in basin storage was estimated to be about 830 Mgal below initid conditions.
Totd streamflow was predicted to dip to a minimum of about 10 cfs in July and tota baseflow
was estimated at zero during August, September, October, and November. However, since the
watershed-wide anadyss was performed to smply check the rationdity of the water baance
model, it may not provide enough detall to estimate sfe yield values. The model was therefore
gpplied on asubbasin leve.

To modd ‘future conditions, accounting for increased levels of demand as
described in Section 4.36, an additional 0.64 MGD was conddered to be extracted from the
watershed. Demand projections for the Town of Norwell are steady, such that increased demand
in the basin will likely be from AWC. From discussions with AWC personnel and considering the
age and configuration of their well system, GZA has assumed that the additiond dermand would

% K ernell Ries, USGS via Telephone communication



be modded as withdrawas from Free Street Well #4. Currently, this well is not approved for
routine use by DEP,; however, it is anticipated that AWC will eventudly secure permission to do
s0. Free Street Well No. 4 is located in subbasin 6, dong with AWC wells Free Street Nos. 2
and 3 and the Downing Street Well. A new Jenkins stream depletion rate was caculated for the
subbasin in consderation of the increased pumping. Withdrawals from other subbasins were
projected to remain congtant from developed to future conditions.

4.53.6 Dry/Low How Conditions Egimates of Rainfal and Streamflow

To apply the water balance mode to dry climate conditions, rainfal estimates for
extreme “dry” conditions were made based on data developed as dscussed in Section 3.00.
Annud rainfal data since 1900 from the Blue Hills observatory was andyzed and a cumulative
probability function was generated, see Figure 46(b). Based on the observed data, which is
normaly distributed, an expected annual precipitation depth was derived for “dry” conditions,
assumed to occur when precipitation is less than or equa to the 95% exceedence vadue on the
cumulative probability function. The 95% exceedence precipitation value used for the Sudy area
Is 34.9 inches. This represents gpproximately 73% of the mean annud rainfal a the Blue Hills
Stetion (47.8 in.). The Hingham rainfal gage has a smdler precipitation data set, but produces
virtudly the same results.  Therefore to mode low flow conditions within the water budget,
average monthly precipitation input vaues were adjusted by afactor of 0.73.

The baseflow-storage relationship developed under average conditions is also considered to be
vadid for dry conditions. Tota streamflow estimates were obtained by preserving cdculated
infiltration coefficients from the average conditions and/or percent of Streamflow which is
baseflow as calculated based on HY SEP estimates.

4.53.7 Limitaions

Due to data collection and project scope limitations, the water balance mode
developed for application to the Wer River watershed is a smplified, monthly time-step model.
As such, it is inappropriate to attempt to derive and evauate the magnitude and frequency of
extreme low flows, such as the 7Q10, through the use of the modd. In addition, the model does
not directly congder or differentiate between intricate hydrologic functions occurring within the
watershed subbasins such as soil moisture conditions, areas of stream/well recharge vs. water
table recharge, and septic system locations or return flow/recharge area geologic characteristics.
Although the model does consider human impacts to the watershed through the use of the Jenkins
method for estimating stream depletion due to pumping and by accounting for direct surface water
withdrawa g/diversons, it assumes that the physicd dteration of the watershed and any land use
changes occurring within the watershed from naturd to devel oped and future scenarios are not of
aufficient magnitude to have sgnificant impacts on streamflow, on a monthly, watershed-wide
bass. Of course, as development promulgates throughout a watershed, impervious areas
increase.  Such an increase may lead to reduced aress of potentid infiltration which may have a
negative impact on base flow.
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454  Subbasn In-Stream Fows from the Water Balance

The water balance methodology discussed in Section 4.52 was applied on a subbasin
level for virgin, developed, and future conditions. For the virgin condition, bassflow and tota
sreamflow estimates developed as discussed in Sections 4.53.1 and 4.53.2 were converted to
cfs by multiplying by each subbasin drainage area.  The storage-baseflow rdationship was then
redeveloped for each subbasin with smilar datisticad success.  Jerkins Method was aso
performed for each well in its respective subbasin and the results are summarized in Table 4-17.
Water balance spreadsheets and storage-baseflow trend lines are provided in Appendix E
Summary tables of the water balance monthly resuts are provided in Tables 4-18 to 4-24. Note
that baseflow and total streamflow vaues provided in the tables reflect incoming flow from other
subbasins, when applicable. However, totd storage is a subbasin-specific vadue.

In generd, the water baance yidds the mogt informative results for basins containing
pumping wells, without surface water diversons or sgnificant impoundments.  In particular,
Subbasins 3 (Accord Brook) and 6 (Weir River) show significant losses in storage and baseflow
due to withdrawas. Other basins which do not contain large- scale water resources devel opment,
Subbasins 2 (Plymouth River), 4 (Crooked Meadow River), and 7 (Tida) resemble virgin
conditions, even under other development scenarios.  Subbasins containing  Sgnificant
impoundments, Subbasins 1 (Accord Pond) and 5 (Fulling Mill), may overestimate tota
streamflows under developed conditions because the attenuation and flood storage provided by
dams may be too detailed to integrate into the amplified monthly water balance modd.

4.54.1 Subbasin One Water Balance: Accord Pond

The 0.76 square-mile Subbasin 1 (Accord Pond) contains one water supply
source: Accord Pond. Water baance results are summarized in Table 4-18a,b and Figure 4-
7a,b and caculations are provided in Appendix F. Under virgin conditions, the water baance
predicts minimum baseflow of about 0.2 cfsin August. Totd storage falls below initid conditions
(i.e. net depletion in aquifer storage as compared to arbitrary January condition) from May to
November. The developed condition accounts for the water supply withdrawals from storage,
but does not moddl the affects of Accord Pond Dam on basin outflow. Since the withdrawals are
reducing the amount of water stored in the basin, baseflow fdls to zero cfs from July through
December (a condition which has been observed in the field). The effects of Accord Pond Dam
on gream flow are too detalled to incorporate in the smplified monthly water baance: the flow
from the spillway is highly dependent on gtarting pond devations and single-event ranfdl. It is
likely that actud totd streamflow is less than predicted vaues, however, given this subbasins
limited drainage area, the error generated by the flashy nature of Accord Pond Dam spillway
oveflows is likdy inggnificant relative to the month-to-month smplified water baance flow
esimates. The tota storage in the basin was predicted to be about 30 Mgd lower than initid
conditions at the end of the 12 month period. The scenario remains constant from developed to
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future conditions since increased demand is considered to be satisfied from Free Street Well No.
4, which is outside the Accord Pond subbasin.

Under dry conditions, both baseflow and streamflow vaues fal to near zero
under virgin conditionsin September. The low flow conditions estimated for virgin conditions are
exacerbated by withdrawas from storage under developed conditions (Table 4-18b and Figure
4-7b).

4.54.2 Subbasn Two Water Baance: Plymouth River

The 2.97 sgquare-mile Subbasn 2 (Plymouth River), dong with Subbasn 4
(Crooked Meadow River), does not contain sgnificant water supply withdrawals according to
the permitted and registered sources in the basin. Since water supply withdrawads are the mgor
impact of developed and future conditions, the water balance modd is rdatively less sgnificant in
this subbasin. Water baance results are summarized in Table 4-19a,b and Figure 4-8a,b with
cdculations provided in Appendix F. Under virgin conditions, baseflow ranges from aminimum
of 0.7 cfsin Augug to a maximum of 6.6 cfs in March. Streamflow vaues in the developed
condition were not affected by the low withdrawal rate and baseflow numbers varied from virgin
conditions as a result of the computed, linear storage-baseflow relaionship. Totd storage in the
basin was predicted to fal below initid conditions by about 1.9 Mgd at the end of the year. The
scenario remains congtant from developed to future conditions since increased demand is
considered to be satisfied from Free Street Well No. 4.

Under dry, virgin conditions, baseflows are esimated to fal to negligible levelsin
September and October.  Since there are no large-scde withdrawads in the basin, virgin,
developed and future conditions are Smilar (T able 4-19b and Figure 4-8b).

4.54.3 Subbasin Three Water Baance: Accord Brook

Subbasin 3 (Accord Brook) contains severa water supply sources including the
four Town of Norwdl-owned wells and the AWC's Prospect and Scotland St. wells. The
Accord Brook diverson is located at the outlet of the basin and diverts flow out of Subbasin 3
into Subbasin 5 (Fulling Mill). Since the diverson dam is located a the downstream outlet of
Subbasin 3, it does not affect the water balance of upstream subbasins. The effects of the
diverson are accounted for in Subbasin 5, which has been modeled to accept Subbasin 3
outflow. Water baance results are summarized in Table 4-20a,b and Figure 49a,b and
cdculations are provided in Appendix F. The minimum baseflow of 0.9 cfsunder average, virgin
conditions is predicted to occur in August. The maximum virgin baseflow, 8.4 cfsis predicted to
occur in March. For developed and future conditions, the minimum baseflow drops to 0.0 cfs
from July through December. Maximum baseflow, 6.5 cfsis estimated to occur in March. Totd
sorage under developed and future conditions is expected to undergo depletion from April
through December, reaching a deficit of about 341 Mgd at the end of the caendar year.



It isdifficult to compare predicted flows under developed conditions to observed
flows due to the presence of the Accord Brook diverson dam, which appears to have the
capacity to divert the entirety of base flow to Subbasin 5 during a Sgnificant portion of the year
based on the diverson dimensions and configuration. The predicted baseflow under developed
conditions a the diverson dam for April is about 5.3 cfs, which resembles the 8.6 cfs of flow
measured on April 12, 2000 a the culvert a South Pleasant Street.  The culvert a South
Pleasant Street is located a short distance downstream of the diversion, which was overflowing
during the April flow measurement. Similarly, flows measured by GZA during August and
October a various locations in Subbasin 3 seem to compare fairly wel with predicted vaues.
Sections of Accord Brook were dry during the August and October flow measurements, which is
expected based on the water balance predictions of zero baseflow during this period. A flow of
1.2 cfs was measured on October 24, 1999 at the box culverts at Prospect Street, which is
located about one mile upsiream of the diverson dam. The water baance modd predicts
baseflows a the diverson dam for October as 0.0 cfs. Extensive average monthly flow data
would be necessary to adequately verify the predicted flows from the water balance.

Under dry, virgin conditions, baseflow fdls to near zero in September and
October. (Table 4-20b and Figure 4-9b). Numerous groundwater withdrawals modeled in the
developed and future condition reduce baseflow levels to zero from June to December and drop
total streamflow to near zero in September. Under developed conditions, total net storage in the
basn is esimated to fal about 394 Mgd beow initid conditions when consdering groundwater

pumping.

4.54.4 Subbasin Four Water Balance: Crooked Meadow River

Subbasin 4 (Crooked Meadow River) receives incoming flow from the Plymouth
River subbasin (Subbasin 2). It is amilar to the Plymouth River subbasin because it does not
contain large-scale permitted or registered water supply withdrawas. Water balance results are
summarized in Table 4-21a,b and Figure 4-10a,b and caculations are provided in Appendix F.
Under average, virgin conditions, baseflow ranges from a minimum of 1.2 cfsin Augud to a
maximum of approximately 11.0 cfsin March. Streamflow vaues in the developed condition do
not change because of the lack of withdrawas and baseflow numbers varied from virgin
conditions as a result of the computed, linear storage-baseflow relationship. Cushing Pond Dam
was not modeled because its storage effects are too detailed to incorporate in the smplified
monthly water balance. Total storage in the basin was predicted to remain constant over an
average annud basis.

The effects of Cushing Pond Dam decrease the significance of comparisons to
observed flow. The predicted baseflow in August of 2.60 cfs is only dightly higher than the
measured flow of 1.9 cfs at the box culvert under Main Street.  The observed flow in October
1999 of about 3.4 cfs is higher than the predicted 0.92 cfs baseflow predicted by the moddl.
Higher flows predicted by the mode in April were not observed in the field, perhaps due to
differences in modeled and actua precipitation (precipitation was dightly lower than normd over
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the winter and in the weeks prior to the measurement), the effects of the dam, and/or well
pumping rates. The USGS operated a LFPR gage at the outlet of Subbasin 4, at the culvert
under Main Street.  Although the readings were not continuous, and were intended to be taken at
times of low flow only, it is one of the few data sets available to check the reasonableness of the
modd. A comparison of USGS measured flowrates at the LFPR gage and estimated discharge is
shown in Table 4-21c. The three measurements made in July appear to be somewhat lower than
predicted values. However, in generd, the measured and predicted flows match fairly well. Itis
important to note that to accurately verify the modd, an extended period of flow observation,
precipitation data, and withdrawa records are needed.

Baseflow reaches a minimum at or near zero in September and October during
dry, virgin conditions (Table 4-21b and Figure 4-10b). Since there are no large-scae
withdrawas in the basin, developed and future conditions resemble virgin conditions.

4.54.5 Subbasn Ave Water Bdance: Fulling Mill

The 0.29 square-mile Subbasin 5 (Fulling Mill) contains the Fulling Mill well,
which is the lone mgor water supply source in the basin. Water balance results are summarized
in Table 422a,b and Figure 411a,b and cdculations are provided in Appendix F Under
average, virgin conditions, the modd predicts baseflows ranging from about 0.1 cfs from July to
September to 0.7 cfsin March. Developed and future baseflows generated by the subbasin itsdlf
are predicted to be a or near zero for much of the year. However, the developed condition is
complicated by incoming flow from the Accord Brook diverson. The result of thediversonisa
marked increase in totd sreamflow and baseflow from the virgin to developed condition.
However, storage changes are consdered only within the subbasin boundaries, which lead to an
overestimate of the depletion of subbasin storage. Since flow from the Accord Brook diverson is
not gaged, the amount of infiltrating surface water flow which is avalable for withdrawvd by the
Fulling Mill well is difficult to quantify. In essence, the 168 Mgd of storage depletion predicted
by the modd under developed conditions is not reldive to initid virgin conditions but instead
relative to the combined volume of water diverted from Accord Brook and the amount of storage
in the subbasin.

For the dry condition, the mode predicts virgin baseflow to range from 0.05 cfs
in October to 0.25 cfs in April and May (Table 422b and Figure 411b). Inflow from the
Accord Brook diverson increases totad streamflow in developed and future conditions, but does
not consistently supplement baseflow, since Accord Brook is modeled to run dry at times.

4.54.6 Subbasn Sx Water Bdance Werr River

The 5.61 square-mile Weir River subbasin (Subbasin 6) contains three AWC
water supply wels, excluding Free Street Wel No.4, which is only used under emergency
conditions. Increases in future demand have been assumed to be supplied from this wellfied.
Water baance results are summarized in Tables 4-23a,b and Figures 4-12a,b and cdculations
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are provided in Appendix E It dso receives inflow from each of the previous subbasins (1
through 5). Under average, virgin conditions, baseflow is predicted between 3.5 cfs in August
and 32.6 cfsin March. The developed condition yields an estimate of baseflow between 0.9 cfs
in October to 25.7 cfs in March. The tota sibbasin storage under developed conditions is
predicted to be about 119 Mgd less than initid conditions a the end of the calendar year. For
the future condition, added withdrawals from the assumed activation of Free Street Well Number
4 further reduce baseflow and storage. The developed and future baseflow estimates are lower
than virgin conditions from August through December.

The outlet of the subbasin is a the Route 3A culvert, coincident with the location
of the USGS LFPR gage. The comparison of modeed and measured flows is perhaps most
accurately done e this location, Snce the river is free flowing and combines the flow from each of
the subbasins. Under average climate conditions, the August baseflows are predicted to be 2.6
cfs. GZA-measured flows during August near the basin outlet were about 2.8 cfs. The USGS
predicted an August median streamflow of 2.51 cfs using the LFPR gage data. Data collected
from the LFPR gage and other data collected by the USGS during 1999 and 2000 at the same
location is compared to estimated flows in Table 4-23c. Asdiscussed earlier, if the precipitation
prior to the flow measurement was congderably lower than norma or withdrawas were higher
than expected, flows would be lower than expected in the modd. Where USGS-measured flows
were sgnificantly lower than the predicted flows, “dry” weether estimates were included in Table
4-23c. Note that the reading of 0.22 cfs on July 18, 1991 is less than both the 99 percent
exceedence vaue and the 7Q10 estimate according to the USGS estimate based on the LFPR
data. The predicted flowrates in October were approximately 0.9 cfs of baseflow and
goproximately 12.6 cfs of totad dreamflow. GZA flow measurements in October were
condderably higher a about 30.8 cfs. However, severd storm events prior to this measurement,
as discussed in Section 3.34, and any significant changes in water supply withdrawa volumes may
account for this discrepancy. The GZA April flow measurement yielded about 36.8 cfs near the
Subbasin 6 outlet. Predicted April flows range from a baseflow of about 24.5 cfs to an average
totd streamflow of gpproximately 42.0 cfs. In generd, the limited amount of streamflow data
collected by GZA and the USGS matches predicted values fairly well. To accurady verify the
model, an extended record of precipitation, withdrawal, and flow data is needed.

Under virgin, dry conditions, baseflow is reduced dramatically from average
conditions to as low as 0.06 cfs in October. Under both developed and future scenarios,
baseflow is further reduced to about zero in September and October during dry conditions.
Increased demand modeled in future conditions impacts Subbasin 6 as well, reducing baseflow
(Table 4-23b and Figur e 4-12b) by as much as about 0.5 cfs.

4.54.7 Subbasin Seven Water Bdance: Tidd

Subbasin 7 is composed of the downstream limits of the study area and the water
baance smulation was performed for the sake of completeness. The subbasin is tidaly
influenced and contains portions which do not actudly contribute to the Weir River watershed.



There are no permitted or registered water supply sources within the basin and hydrogeologic
data, as shown in Figure 36, indicate groundwater resources are not conducive to large-scae
water supply development. This basin contains both golf courses, one of which (the South Shore
Country Club) is actudly outsde of the physica drainage area of the Weir River. The golf course
withdrawas were not modeled since the Cohassat Golf Club is a minor water-user which
withdraws from only one well and one surface water source and the South Shore Country Club
lies outsde of the water resources of the Welr River watershed. Because of the noncontiguous
nature of the watershed, the results for Subbasin 7 should not be considered to represent any
portion of the Weir River. Water baance results are summarized in Table 4-24a,b and Figure
4-13a,b and cdculaions are provided in Appendix FE Under virgin conditions, the modd
indicates the minimum baseflow to be about 5.7 cfsin August. Under developed conditions, the
minimum baseflow drops to about 2.5 cfs in October. Decreased flow under developed
conditions was attributed to the cumulative effects of water supply withdrawads from other
upsream (inflowing) subbasins. Baseflow increase error from virgin to developed and future
conditions is a result of computed linear baseflow-gorage rdationship. Smilar results are
indicated by the water baance for dry conditions as for average conditions. decreased flow
under developed conditions as compared to average conditions.

4.60 IMPLICATIONS

The water balance modd s indicate that, as expected, water withdrawals do lead to a reduction of
baseflow, with a corresponding reduction in overal streamflow, in the streams and rivers of the
Weir River watershed. The modd aso shows that there is a direct corrdaion between the
amount of demand and the reduction of baseflows. The mode predicts that under average
conditions, many stream reaches within the basin could be expected to run dry for sgnificant
periods of time. The effects are most pronounced in Accord Brook and the Wer River.
Anecdotd information from loca resdents, information contained in MAWC reports, GZA
observations in 1999, and flow measurements by GZA and the Wer River Watershed
Association vaidate this prediction. The modd dso indicates that under average conditions, a
deficit in the amount of groundwater stored in the basin’'s aguifers is expected to result. The
water balance predicts a tota loss in storage within the watershed of about 750 Mgd during an
average year based on current developed conditions. Annua groundwater recharge deficits
under average conditions would be expected to be noticed in groundwater levels in the
watershed. Groundwater level data provided by the MAWC (now AWC) appear to support this
(see Appendix E). Examination of these graphs indicates that groundwater levels are typicdly
reduced to minimum levels in the late summer (August — October) but generally recover during
the winter and pring. However, the multi-year trend seems to indicate that the moving average
of the groundweter levelsis reduced over time a many of the wells, as evidenced by the declining
minimum levels. Ovedl recovery after saverd years of such downward trends does, at least
conceptually, appear to indicate that a wet year or a decrease in pumping is capable of restoring
groundwater levels to previous maximums.



Greatest impacts are projected in Subbasins 3 and 6, which encompass the mgority of water
withdrawals. In subbasin 3, modd results indicate baseflow, which was between about 1.0 and
about 5.4 cfs under average virgin conditions, drops to negligible levels from July to December
under average developed and future conditions. Similarly, in subbasin 6, average developed and
future condition baseflow levels are reduced by as much as about 88 percent from the average
virgin condition from July to December.

Agan, asis intuitively expected, baseflow during dry conditionsis predicted to be much less than
during years with an average quantity of rainfal. It isinteresting to note that, even under so-cdled
virgin conditions, baseflow during extended drought conditions is predicted to fdl to essentidly
Zeroin many cases.

The water balance moded is atool which alows andyses of dl of the sub-basins of the watershed
under various scenarios and conditions. The mode quantifies the relationship between demand
and baseflow. The next step to assessing the impacts of demand on the aguatic environment isto
determine the rdaionship between median streamflow in the summer months (which is most
closdly approximated by baseflow within the water balance modd) and aguatic habitat. Section
5.0 examines the streams of the watershed from an aquatic habitat perspective. The connection
between median (typical) streamflow and usesble habitat is established and recommendations are
made regarding minimum acceptable baseflows. By combining the hydrologic and biologic
information developed within body of this report, Aquatic Habitat Firm Yield vaues are estimated
and presented in Section 5.50. Genera conclusions are offered in Section 6.00.



5.00 LIVING AQUATIC RESOURCESAND AQUATIC HABITAT SAFE YIELD

5.10 FISHERY RESOURCES

The waters of the Weir River Watershed have in the past supported a rich and diverse fish
community. To evduate the current status of the fisheries of the watershed, recent fisheries
sudies have been reviewed and a supplementa sampling program designed and implemented.
The purpose of the report review (see Section 2.102) and supplemental sampling is to provide
data for a quditative description of the resdent fish species within the watershed. This
information may be used as a basdine to evauate future changes in the watershed.  Streamflows
within the watershed have been evauated based on suitability for a representative sample of those
species of fish which are or should be present in the streams of the watershed. Information
obtained from the Divison of Fisheries and Wildlife on past sampling and historic fish populations
Iscontained in Appendix G.  Minimum streamflow requirements for representative species have
been evaluated and compared to measured and predicted baseflows over a variety of hydrologic
conditions. By combining the fisheries habitat needs criteria with the water baance hydrologic
model developed in Section 4.0, an estimate has been made of the Aquatic Habitat Safe Yield of
the Weir River watershed. This value represents the level of demand which may be sustained
while baancing and maintaining the needs of the fisheries in the streams and rivers of the
watershed.

The Living Aquatic Resources portion of this report was prepared jointly by GZA and its sub-
consultant Kleinschmidt Associates (KA) of Fittsfield, Maine. Mr. Brandon Kulik of KA was the
senior fisheries biologist. The methods used in this report are broadly smilar to those used in
Instream Fow Incrementd Methodology (IFIM) studies. The scope of this project did not
envison or cdl for a full-scale IFIM study. However, the information developed in this report
could be expanded upon during a future IFIM sudy. Also the gods of the Living Aquatic
Resources portion of this report are the same as that of a IFIM sudy. Specificdly, the
information presented here is intended to be used as, “[A] support syslem designed to help
natural resources managers and their congtituencies determine the benefits or consequences of
different water management dternatives.” *

5.11 Fishery Sampling Methodology

Fisheries sampling was conducted in the Weir River by biologists from GZA and Mr.
Steve Hurley of the Massachusetts Divison of Fisheries and Wildlife on September 11, 1999.
The climate conditions preceeding the sampling event varied from lower than normd streamflows
due to avery dry July and August to above norma streamflows due to large precipitation events
triggered by tropica storms on or about September 10 and again on September 17. These
conditions are not expected to have had an adverse impact on the vdidity of the sampling
protocol. Sampling was done using backpack eectroshock sampling techniques. Fish were

 Bovee, Ken D. et. a. “Stream Habitat Analysis Using the Instream Flow Incremental Methodology”. U.S.
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stunned, collected, cataloged, measured, and released. Eedl's were not measured, but approximate
numbers were estimated.  Sampling was only conducted in stream segments that were wetted at
the time of sample collection. Sampling was conducted at eight locations within the watershed as

listed below:

Wer River

1
2.

Leavitt Street (Transect location W-2)
Weir River Farm / Route 228 (Transect Location W-3)

Accord Brook

3.
4.
5.

Route 228 / Route 56 (Transect Location A-2)
Union Street — (Transect location A-3)
Pleasant Street — Upstream of Diverson

Pymouth River

6.
7.
8.

5.12

Ward Street
Plymouth River Street — Plymouth River Common
Cushing Street — (unnamed tributary to Plymouth River)

Fishary Sampling Results

Fisheries sampling, in the locations listed above, was conducted in mid- September 1999.
Appendix G contains the full results of the fish sampling program.  The following fish species

were collected:

Nogh~owDNPE

Brown trout

Brook trout
largemouth bass
redfin pickerel
bluegill

pumpkinseed sunfish
American ed

The Massachustts Divison of Fisheries and Wildlife (MDFW) manages this river as a
seasonal coldwater recreationd fishery, based on (early spring) put and take trout stocking. Fish
are socked annudly, and most fishing occurs in the river between Union Street downstream to
Route 3A (S. Hurley, persond communication). Some of the stocked trout are not caught, ad
can hold over in portions of the watershed maintaining sufficient habitat and water qudity
throughout the year. In addition, MDFW fish sampling has detected brown trout reproduction, as
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evidenced by the presence of Young of Year (YQY) of this species collected near Leavitt Street,
in the Weir River where in-stream flows are near their greatest.

The species sampled represent habitat generdists and/or species common to ponds and
pools. However, this system is highly fragmented due to the presence of impounded reservoirs
and dewatered reaches. As a result, a number of species indigenous to southeastern
Massachusetts streams with lifestages dependent on riffle and run habitat were not detected by
GZA. Species which would typically be expected to be rdlatively abundant in streams such asthe
Wair River, but were not found in the Weir River during GZA’s sampling include:

Alewife
blueback herring
ranbow samdt
white sucker
tessdllated darter

agbrwbdpE

5.20 INVERTEBRATE SAMPLING

To assess whether the flow regime documented in Accord Brook has resulted in impairment of
the ecological community of the brook, a bioassessment of macroinvertebrate communities within
potentially impacted reaches of the brook was conducted in January, 2000. The proposed
bioassessment was conducted in accordance with the recommendations of EPA’s most recent
revison of Rapid Bioassessment Protocols for Use in Streams and Rivers™® (RBP).

Bioassessments of aguatic ecosystems are used to identify and characterize differences between
ecosystems which are exposed to an environmentd stressor, such as chemicd discharge or
nutrient enrichment, and reference ecosystems.  Bioassessments use aguatic communities as
sentinels of ecological impairment to natura resources. Among the most informative aquatic
communities used in bicassessment sudies are benthic (bottom-dwelling) macroinvertebrates.
Mogt benthic macroinvertebrates are rdatively sessile, and usudly occur in grest numbers and
diversty. In addition, benthic macroinvertebrate communities are important food items for fish,
and perform essentid roles in the cycling of nutrients and organic matter. In combination, these
properties make invertebrate communities idedl indicators of environmenta impact.

In this bioassessment, benthic macroinvertebrate communities from two potentialy impacted
reaches of Accord Brook (AB-1 and AB-2 in subbasn 3) and two reference reaches from
nearby Crooked Meadow Brook (CMB-1 and CMB-2 in subbasin 4) were sampled and
compared to evaduate potentid impacts from low flow conditions during summer months (see
Figure 3-4). Sampling from these Sites was believed to sufficient to produce data appropriate to
the level of this sudy. The macroinvertebrate communities of potentialy impacted portions of

% EPA 841-D-97-002, Draft Revision - July 14, 1999.



Accord Brook (herefter referred to as “study reaches’) are aso subject to non-flow related
causes of potentid impact (i.e., resdentid encroachment and reduction in riparian vegetation).
The following sections describe fild sampling efforts for benthic macroinvertebrates, laboratory
taxonomic procedures, and data analys's techniques employed in the bioassessment.

5.21 Field And Laboratory Procedures

The interpretation of biocassessment results relies heavily upon the assumption that the
environmenta stressor of interest is the sole difference between unimpacted (reference) locations
and dudy locations. This ided Stuation rarely occurs in naturd systems, which vary a macro-
and micro-scades. The most important variables consdered in the sdection o reference sample
locations for bioassessment are those that vary longitudinally aong riverine ecosystems, such as
bank vegetation characteridtics, temperature, hydrology, and channd geomorphology.® The
combined influences of these variables (dlong with amyriad of other environmentd factors such as
water chemidry) exert a strong influence on the invertebrate community structure of ariver. This
bioassessment documented habitat characteristics a each of the sampling reaches. The most
important of these characteristics are described below.

5.21.1 Habitat Description

The study reaches of Accord Brook are dominated by runs (gpproximately
laminar flow), without sgnificant occurrence of pools or riffles.  Riffles and runs are known to
support the most diverse benthic macroinvertebrate communities, largely due to the dominance of
gable cobble substrates and the high levels of dissolved oxygen associated with these flow
regimes. The subgtrate of the Accord Brook reaches was composed primarily of grave, with
some accumulation of sand and slt. Organic debris (sticks, fallen leaves, and other coarse plant
materia) was abundant at both of the Accord Brook reaches. Aquatic mosses and other
macrophytes were also common at both Accord Brook reaches.

Severa accessible reaches of Crooked Meadow Brook were inspected to
ascertain their suitability for comparison to Accord Brook. The most smilar reaches were
dominated by sequences of riffles (turbulent flow) and runs (gpproximately laminar flow), without
sgnificant occurrence of pools. The subgtrates of these reference reaches were dominated by
gravel, sand, and cobble, with far less Slt accumulation than in the Accord Brook reaches. The
reference reaches aso contained less aguatic vegetation and organic debris than the study
reaches.

Habitat classfications were performed and documented in accordance with the
RBP, and areincluded as Appendix H. The habitat classifications demondrate that the reference
locations selected are amilar (but not identical) to potentidly impacted locations. The habitats of
each reach were scored using the criteria presented in the RBP. Habitat scoring criteria included

% U.S. Environmental Protection Agency- SAB, 1993
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the following characterigtics. available substrate; substrate embeddedness; velocity/depth regime;
sediment deposition; flow status, channed dteration; riffle frequency; bank stability; and riparian
vegetation. Higher scores were assigned to more favorable habitat characteristics, and the scores
for each characteristic were summed to derive an overal habitat score. The average Accord
Brook habitat score (134.5) was lower than the average reference reach score of 162. The total
scores indicate that the habitat qudity in Accord Brook reachesis generdly Suboptimal, while the
habitat in the Crooked Meadow River reference reaches is generdly Optimal (based on the EPA
Rapid Bioassessment methodology.) The characteristics most responsible for this difference were
the availability of substrate, riffle frequency and vegetative protection.

Figure 3-4 shows the locations of the sample reaches as well as the location of
the reference reaches used to define background biological and chemica conditions for the study
dream. These reaches were sdected based on hydrologica smilarity to potentialy mpacted
reaches.

5.21.2 Sampling Methods

The “Single Habitat Approach” described in the RBP was used to conduct the
bicassessment. This method cdls for the collection of composited samples from 100- meter
reaches. Composites are composed of samples collected from riffles and runs representing
different water velocities. Because the linear extent of the stream reaches was severdly limited by
resdential properties, individuad sample reaches established for this bioassessment were
gpproximately 30-meters long. We established two 30-meter reference reaches (CMB-1 and
CMB-2) in Crooked Meadow River to document the benthic macroinvertebrate community in an
unaffected stream in the Weir River watershed. Two additiona 30-meter reaches (AB-1 and
AB-2) were established in a potentidly impacted portion of Accord Brook to document the
benthic macroinvertebrate communitiesin potentialy impacted portions of the watershed.

Because water depths within the Study reach were less than 1.5 feet, samples
were collected with a 0.5 mm mesh “Surber Sampler” (see photosin Appendix H). The sampler
net was placed perpendicular to the bottom and 1 ft? of the substrate upstream of the net was
manudly lofted and brushed to didodge benthic macroinvertebrates, which were trapped in the
net as they floated downstream. This sampling method has the advantage of sampling the entire
benthic community, whereas some other methods (e.g., kick-net) skew the collection towards
larger, surface-dwelling organisms. The process wes repeated in three riffle/runs within each 30-
meter reach. Organisms from each of the three sub-samples were composited, preserved in 90
percent ethyl acohol, and returned to GZA'’ s ecologicd laboratory for identification.

Standard water quality parameters were measured at each 30-meter reach at the
time of sampling. These parameters included dissolved oxygen, temperature, specific conductivity
and pH.



5.21.3 Laboratory Anayss

Macroinvertebrate samples were subsampled and sorted by a GZA biologist
using a 10x to 70x stereo dissecting microscope. Random sub-sampling of approximeately 100
organisms from each composited sample was conducted according to the recommendations of
the RBP. Sub-sampling was conducted by evenly spreading out al of the maerid from a
compogite sample in a tray divided into a 4 x 3 grid. Based on a cursory examination, an
gppropricte number of individud grids (1 to 3) were randomly sdlected for microscopic
evaduation and removd of organiams. After subsampling, arganisms were sorted by taxonomic
order™ and were identified to the lowest practica taxonomic level.

5.22 Data Andysis Methods

Severd anaytica methods were used to characterize the macroinvertebrate communities
sampled. Methods included severa ecologicd indices related to community structure and hedth.
Note that the presence of differences between macroinvertebrate sampling dations is not
necessxrily an indication of community dructure imparment, and must be interpreted with
consderation given to habitat characteridics and other potentidly complicating variables.
Analytical methods used for this bioassessment are described below.

5.22.1 Community Diversty and Evenness

The hedth of a biologicad community is often related to the number of different
species represented (diversty) and the level of dominance exhibited by any one species
(evenness). Severd metrics which relate to both diversity and evenness were calculated.

TaxaRichness

Taxa Richness is amply the totd number of taxa identified within a
sample.  The higher the Taxa Richness, the more diverse the community. Communities with
gredter diversty are generaly considered to be hedlthier as compared to communities with lower
diversty.

o Taxonomy is the science of categorizing organisms according to body form and structure (which are generally presumed
to relate to evolutionary ancestry), with the most basic taxonomic level being the species, and all higher taxonomic levels
consisting of groups of species with similar characteristics. The higher taxonomic levels, in ascending order from species
are genus, family, order, class, phylum, and kingdom. Criteriafor placing organisms within a particular taxonomic group
areincreasingly broader as you move up the taxonomic levels, so that more species are included under each category. For
this evaluation, most organism were identified to the family, or lower, and each uniquely named group of individuals will
be referred to as a "taxon”.
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Percent Contribution of Dominant Taxon

The Percent Contribution of Dominant Taxon metric compares the
abundance of the numericaly dominant taxon to the total number of organismsin the sample and
iscalculated as

Total Abundance of all Taxa
Abundance of Dominant Taxon

In generd, invertebrate communities which are dominated by one or a few taxa
are indicative of environmenta dress; therefore, the hedth of the community is consdered to
decrease with increasing Percent Contribution of Dominant Taxon vaues. Note thet the results of
this metric are dependent upon the overal level of taxonomic resolution on a sample-specific
bads. Therefore, this metric has been cdculated at the family leve of taxonomic resolution.

Smpson's Index of Diversty

Simpson's Index of Diveraty (Smpson, 1949) takesinto account both
taxa richness and taxa evenness (i.e., the equitability of taxa abundances, see Shannon's Index of
Evenness below). The vaues generated by the index increase with increasing diversity. Although
Smpson's Index is heavily influenced by the most @bundant taxa in the sample, it has been shown
that for samples containing more than 10 taxa, evenness plays an important role in determining the
index value (May, 1975). The Smpson Diversity Index is caculated as

D= ghini -1)
N(N -1)

where D = Divergity, n = the number of individudsin theth taxa, and N = abundance.

Shannon's Index of Diversity

Shannon's Index of Diversity can be referred to as an index of
heterogeneity because it takes into account both taxa richness and taxa evenness. The vaues
generated by the index increase with increasing diversity. The Shannon index is mogt significantly
influenced by taxa richness, and is dependent upon the proportiona abundances of individud taxa
within asample. Shannon's Index of Diversity is caculated as.
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H¢= -a—(In—
N( N)

where H' = Diverdty, and n and N are as noted above.

Shannon's Index of Evenness

"BEvenness' in community ecology is aterm that refersto the equitability
between the abundance of each taxon within the community. Ultimate hypothetica evenness
would be a community in which al species had the same abundance. Community hedthis
considered to increase with increasing evenness because there is more balance among species
with different ecologica roles. Shannon's Index of Evennessis cdculated by dividing Shannon's
Index of Diversity by the naturd log of taxarichness. The evennessindex isexpressed asa
decima between 0 and 1, with increasing values reflecting more even taxa digtribution. Shannon's
Index of Evennessis caculated by dividing Shannon's Index of Diversity by the natura log of taxa
richness.

H
InS

where E = Evenness and S = taxa richness

5.22.2 Indices of Environmentd Stress Within Benthic Communities

Two metrics were caculated which indicate whether the biologicd community is
stressed by an environmentd factor.

EPT/Chironomidae and EPT Index

The ratio of Ephemeroptera (mayflies), Plecoptera (storeflies) and
Trichoptera (caddisflies) abundance (EPT) to the sum of EPT and Chironomidae (midge)
abundance was calculated for each sample. Many taxa within the EPT orders are sendtive to
pollution, whereas Chironomidae taxa are generally consdered to be pollution tolerant, therefore,
the higher the ratio, the hedlthier a community is consdered to be. This index describes
communities with an unduly high proportion of Chironomidae as environmentaly stressed.
Another metric which focuses on pollution sendtive invertebrates is the EPT Index. Thisindex is
samply the total number of EPT taxaidentified in a sample. Aswith the EPT/Chironomidae index,
the higher the EPT Index the hedlthier the community is considered to be.
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The result for each metric calculated for a study reach sample was
compared to the range of results calculated for reference samples.

5.23 Reaults

Table 51 presents biologicd data for each of the sx sample locations. Table 52
presents the results of metrics. Note that many taxa were likdy excluded from andysis by the
subsampling method.

Metrics were evauated by comparing results for potentialy impacted aress to the range
of metric results for the reference samples.

Esimated Macroinvertebrate Dendty

The densty of macroinvertebrates for each sample reach was estimated by
multiplying the number of organisms in subsampled grids by the inverse of the fraction of the
benthic area represented by each grid. The average organism dendty a Crooked Meadow
Brook reaches was 211 organisms per square foot. The average organism density at Accord
Brook reaches was 602 organisms per square foot.  This subgstantid difference in density is
likely related to the flow regimes of the two streams, the amount of organic debris present, and
the expected recruitment of organisms from the extensve wetlands immediately upstream of the
Accord Brook reaches. Therefore, athough the dendty estimates do not suggest flow-related
impairment of the benthic community, the dendty estimates provide ingght into the influence of a
reach’s position in the watershed on the benthic community.

TaxaRichness

As shown on Table 52, beween 14 and 16 individud benthic
macroinvertebrate taxa were identified in background samples. Samples from potentidly
impacted areas contained 8 taxa. Therefore, this important measure of taxonomic diversity may

suggest that flow conditions have adversaly impacted the benthic biota of the sudy reaches.

Percent Contribution of Dominant Taxon

The results of the “percent contribution of dominant taxon” metric were Smilar for
al four samples. This metric does not suggest impairment of the benthic community of Accord
Brook.

Smpson's Index of Diversity

Reference sample reaults for this metric ranged from 3.62 at CMB-2 to 5.51 at
CMB-1. The Smpson’s diversty of Study reach samples was subgtantidly lower (mean =



3.12). This measure of taxonomic diversty suggests that flow conditions have adversaly impacted
the benthic biota of the study reaches.

Shannon's Index of Diversity

Reference sample results for this metric averaged 1.98, while the Study reach
average was 1.34. This measure of taxonomic diversty suggests that flow conditions have
adversdly impacted the benthic biota of the study reaches.

Shannon's Index of Evenness

The average result of this measure of community evenness for Study reaches was
dightly lower than the average result for Reference reaches. The magnitude of the difference is
not sufficient to attribute impact due to flow conditions. This metric does not suggest impairment
of the benthic community of Accord Brook.

EPT/Chironomidae and EPT Index

As previoudy noted, these two indices were developed to evauate potential
impacts associated with chemica and organic pollution, not flon-related impacts. However,
because the habitat requirements of EPT taxa and Chironomids differ substantialy, and because
of the drong influence of flow regime on habitat composition, we caculated these metrics to
evduate the influence of habitat differences on community Sructure. The average Reference
sample result for the EPT/Chironomidae metric was 0.68 compared to an average of 0.04 at
Accord Brook. The average Reference sample result for the EPT metric was 6 taxa compared
to 1.5 taxa at Accord Brook. Both of these metrics appear to imply adverse impacts to the
benthic community of Accord Brook due to its irregular flow regime.  Note that the sole
Trichoptera taxa identified at Accord Brook was Ironoquia, a Limnephilidae species known to
inhabit temporary stream and pools (Peckarsky et d., 1990; Merritt and Cummins, 1984). It is
our opinion that the differences in EPT/ Chironomidae and EPT taxa metrics are associated with
habitat differences between the brooks resulting from irregular flow a Accord Brook.

5.24 Concdlusions

The bioassessment of Accord Brook and Crooked Meadow Brook documented
subgtantid differences in the benthic macroinvertebrate communities of the two brooks. The
taxonomic diverdty of Accord Brook was substantialy lower than that of Crooked Meadow
Brook. Additiondly, the composition of the benthic communities were substantidly different. The
benthic community of Crooked Meadow Brook was composed of typica lotic taxa (eg.
caddidfly larvae and riffle beetles).  While the benthic community of Accord Brook was aso
composed primarily of lotic taxa, organisms typicaly associated with stagnant waters and
temporary streams (e.g. Planarians and Encytraeid worms) were aso common.



The differences in macroinvertebrate community structure between the two streams are
likely related to habitat and subdtrate differences caused by flow regimes. Scoring of habitat
parameters done as part of the habitat assessment indicates that the reaches of Accord Brook
surveyed contained Suboptima habitat while the reaches surveyed in the Crooked Meadow
River contained Optima habitat. During summer months, the flow of Accord Brook has been
shown to dwindle and eventually cease, dlowing depostion of slt and organic debris. During
periods when Accord Brook dries completely, benthic organisms are unlikely to be present. As
flow resumes in the brook, it is likely that substantiad numbers of invertebrates drift downstream
from the extensve wetlands at the headwaters of Accord Brook and quickly colonize the newly
available habitat. In our opinion, it is likely that benthic macroinvertebrate community differences
between Crooked Meadow Brook and Accord Brook are related to the intermittent flow regime
of Accord Brook.

5.30  AQUATIC HABITAT SUITABILITY CRITERIA

5.31 Habitat Evdustion Criteria

The sdection of evauaion species and lifestages is an important pat of habitat
evaduaion. Although there are no absolutes, genera guidance can be found in precedent. Bovee,
et al. "recommend that species and lifestages sdected for an indream flow assessment should
reflect expressed fishery management objectives, and/or representative species representing use
of specific habitats of interest (known as a “guild” approach). Bovee, et al.”” dso suggest that a
mix of evauation species should be used. Further, in New England, the USFWS (1994) states
that:

“When selecting species for use as evaluation species in IFIM
[Instream Flow Incremental Methodology] and related studies of water
development project, obligate stream (lotic) species or lifestages should
be utilized or recommended. Facultative species and/or lifestages
should be carefully considered or, in some cases avoided as evaluation
elements.... Saff should focus their review and evaluation on the
habitat specialists within the stream system such as members of the
riffle/run community...”.”

This is because not dl mesohabitat types are equaly susceptible to dewatering effects,
and facultaive (i.e. habitat generdlists) may not provide an accurate barometer of low-flow
habitat protection.” In the case of the Wer River basn, there is an expressed management
objective for maintenance of a trout fishery. The scarcity, or potentia absence, of riffle dwelling
species in this watershed further suggests that obligate riffle/run dweling species and lifestages

™ Boveg, et al ., U.S. Fish and Wildlife Service. 1998.
Zipid.

" U.S. Fish and Wildlife Service, IFIM 1994.

" Boveg, et al ., U.S. Fish and Wildlife Service. 1998



should aso be congdered in evauating habitat and flow. There is also danger of selecting too
many species, as this “may facilitate getting the study started, but will ultimately make the
analysis of alternatives more difficult.”

Based on these principles, reasonable species and lifestages for this andysis would

logicaly be:
Species Life stage Basis

Brown trout spawvning | Management objectives exist, stream supports reproduction
Brown trout juvenile Management objectives exist, stream supports reproduction
Brown trout adult Management objectives exist, lifestage is stocked

White sucker spawning | Obligate rifflefrun dwdling species/lifestage

White sucker juvenile Obligate riffle/run dwelling species/lifesage

Tessdlated darter adult Obligate riffle/run dwelling speciesllifesage

Caddidfly or mayfly | larvd Obligete riffle/run dwelling species/lifesage

Note that adult white sucker are not listed. This is because that lifestage is a habitat

generdigt, which violates the governing principles noted above. Anadromous fish species such as
amdt and dewife are dso not listed since these species are generdidts in both the spawning and
juvenile Ifestages. The limiting factor for this species is likely to depend more on fish ladder
operability rather than habitat suitability. Warm water species such as bass are dso excluded
since they tend to favor the ponds rather than the streams.

The find sdlection of species and lifestages should aso taeke into consderation availability of
suitability index (S) criteria  Edablished S curves (which utilize sream flow and stream
morphology parameters) exist for dl lifestages of brown trout, white sucker, darter species, and
stream insects, and have been used in other instream flow assessments & other locations.

5.32 Recommended Hahitat Suitability Evaluation Criteria

In ingream flow habitat assessments, habitat use is rated based upon a species- and
lifestage-specific habitat Suitability Index (SI) rating curve, in which depth, substrate and velocity
are independently assigned rating values on a scale from 0.0 to 1.0. These ratings are based on
research literature, observations, and/or professond judgment.”” These rating data are used to
perform a composite assessment of habitat suitability, based on the observed or modeled
sequence of primarily hydraulic characteritics (depth and velocity) found on each study transect.
In some analyses, wetted substrate perimeter and cover are also evaluated.

"ibid.
" Bovee, K.D. U.S. Fish and Wildlife Service. A guide to stream habitat analysis using the instream flow
incremental methodology. Instream Flow Information Paper No. 12, Washington, DC. 1982

97



S curves may be ste-specificaly developed if no other adequate data are available.
Alternatively, these data are developed from literature or adapted from other S curves used on
amilar, geographicaly proximate streams.

The S shown in the following table appear to be suitable for use as inputs on the
gpplicable S criteria for each stream channd transect for which hydraulic data have been
collected. These were obtained after review of anumber of Sl curves available from the literature
and are used for the Weir River flow andyss. The detailed S| curves are atached as Appendix
I. To assess the relationship of flow to habitat at specific stream locations in the Weir River
watershed, the Sl curves for each species were combined with the rating curves developed for
the surveyed stream segments.  This procedure and the results are discussed in Section 5.42 and

5.43, respectively.

Species Proposed SI Curve source
Brown trout Pennsylvania Fish and Boat Commission (1997)
White sucker Twomey et al. 1984/NY SDEC

Tessd lated darter Ichthyological Associates, 1998

Caddidly or mayfly | Vermont ANR “Waterbury IFIM Study” macroinvertebrate

Note that anadromous fish species such as smdt and dewife are not included in the
species proposed for habitat evaluation. These species are important components of the Welr
River Watershed fisheries communities but they are consdered habitat generdists. FHow criteria
that are appropriate for the proposed indicator species will be suitable for the common
anadromous species. In addition, other factors, such as the functiondity of the fish ladders at
Foundry Pond Dam and Triphammer Pond Dam, may be more important in determining the
capacity of the watershed to support anadromous fish.

1) Brown trout.

Brown trout are frequently studied in instream flow assessments in New England. Wdll-
accepted Sl curves are typicdly used in regiona sudies based on data from the
Housatonic, Farmington and Deerfidld rivers” However, each of these rivers are
relatively large, upland rivers, with greater channd depths, larger flow ranges, steeper
gradients, and more boulder/cobble-dominated habitats than those of the Wer River.
These factors would potentialy bias suitability based on the digtribution of adult and
juvenile brown trout in these streams, especidly rdlative to their selection of depth.

We therefore located curves based on observations of brown trout in smaler streams
located in ether southern New England or the mid-Atlantic. Data developed by
Pennsylvania Fish and Boat Commission (1997) for juvenile and adult fish was collected
on smdl (firg through third order) lower gradient streams common to eastern

3. Warner, USFWS and R. Jacobsen, CTDEP, persona commu nications
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5.40

Pennsylvania These better reflect amal sream habitat use for juvenile and adult life
dages. Habitat suitability curves for spawning/incubation and fry lifestages are less
sendtive to depth and locaized substrate conditions, and therefore can be taken from
more universal sources. Therefore, we use the Raeigh (1982) S curves for these
lifestages.

2) white sucker

Sl curves developed for studies in New York and esewhere in the mid-Atlantic have
been used successfully in studies in the Northeast. These Sl curves have been accepted
for use in a wide range of small to large streams by the New York Department of
Environmenta Conservation, and reflect refinements over the standard USFWS
“bluebook” curves presented by Twomey, et al. (1984).

3) tessellated darter

Tessdllated darter is probably a good choice to represent overdl riffle habitat use by smdll
fish. Although generd habitat preference informetion is available in the literature, no river-
specific Sl curves have been developed. However, SI curves have been developed from
literature that have been accepted for use by the Connecticut Department of
Environmental Protection for use in a smdl coastd dream.” These are the most
geographicaly applicable S curves available for this species.

4) Caddisfly/mayfly

Aquatic invertebrates are often used as bio-criteria in assessing stream hedth, as well as
habitat suitability. A number of curves have been employed in recent years throughout
New England. Because these are benthic organisms, the most important characterigticsin
sdecting S criteria are obtaining curves from rivers with comparable substrate from the
source Ste to the target stream. A 1998 ingtream flow study on the Westfield River,
Massachusetts used the so-cdled “Waterbury” macroinvertebrate curves. These were
sdected by the study team (including USFWS and Massachusetts DFW) after
consdering a spectrum of aternatives, based on the substrate and channdl characteristics
present at that ste. Based on our August 1999 ste vidt, the Weir River appears to be
dominated by smilar channel materids (cobbles, gravels, fines in a series of low-gradient
runs and shalow pools).

IN-STREAM FLOW NEEDS FOR AQUATIC WILDLIFE

The suitability of aguatic habitat for the evauation species and other wildlife which inhabit the
streams and rivers of the Wer River Watershed is closdly tied to the stream flow. The in-stream

8 K. Jirka, Ichthyological Associates, personal communication
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flow rate determines the depth, water velocity, and wetted perimeter at each specific stream
section based on the hydraulic characteristics of that particular section. These parameters, in turn,
afect the capacity of a section of stream to provide appropriate habitat for fish and other
organisms. Low flow rates are of particular concern in regards to habitat suitability. When flow
rates are low, depths, velocities, and wetted perimeter values may be reduced enough to cause
dress to aquatic wildlife, and clearly fish cannot live in stream sections where there is no weater a
al. Low flows in streams and rivers can occur as a result of drought, impounding or diverting of
upstream flow, induced infiltration due to groundwater pumping, or a combination of any or al of
these.

5.41 Current Minimum How Threshold Recommendations

In recognition of the detrimentd effects which low in-stream flows can have on aguetic
wildlife, minimum streamflow thresholds have been recommended for the entire Weymouth and
Weir River Basin, of which the Wer River watershed is a pat. Recommendations to the
Massachusetts Water Resources Commission from the Massachusetts Department  of
Environmental Management in 1991” provided for three minimum streamflow thresholds to be
gpplied genericdly acrossthe entire basin. These are:

@ Y ear round, 0.15 cubic feet per second per square mile of drainage area
(cfsm);

(b) March-May, 2.4 cfam;

(© mid- September to mid-October, 1.0 cfsm

The recommended flow rates are referred to as streamflow and presumably represent
minimum ingtantaneous flow rate.

Another set of criteriawhich is generdly gpplicable to the watershed is the U.S. Fish and
Wildlife Service Aquatic Baseflow Policy (USFWS ABF). The New England Flow Policy was
developed in 1981 as a water resources regulatory and planning tool for use by government
agencies and others involved in water development.  The following background for the Policy is
presented by the USFWS in the Interim Regiond Policy document:

“The USFWS has used higtorical flow records for New England to describe stream flow
conditions that will sustain and perpetuate indigenous aguatic fauna. Low flow conditions
occurring in August typicaly result in the most metabolic stress to aquatic organisms due
to high water temperatures and diminished living space, dissolved oxygen, and food

supply. Over the long term, stream flora and fauna have evolved to survive these periodic
adverdities with[out] mgor population changes. The USFWS has therefore designated

the median flow for August as the Aquatic Base Flow (ABF). The USFWS has assumed

" Department of Environmental Management, Office of Water Resources. Recommendations to the Water
Resources Commission, May 13, 1991.
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that the ABF will be adequate throughout the year, unless additiona flow releases are
necessary for fish spawning and incubation. We have determined that flow releases
equivaent to hisoricd median flows during the spawning and incubation periods will
protect critical reproductive functions.”®

The document goes on to dtate the USFWS personnel shal “recommend that the
ingantaneous flow releases for each water development project be sufficient to sustain indigenous
aquatic organisms throughout the year.” The following flow recommendations are presented in
the Policy for rivers such as the Weir River where inadequate flow records exist. These flow
recommendations have aso been endorsed by the Massachusetts Divison of Fisheries and
Wildlife®

@ 0.5 cfsm for June to October,
(b) 1.0 cfam for October to March,
(© 4.0 cfsm for March to May,

(d) 1.0 cfsm for May and June.

The USFWS ABF recommendations must be carefully considered however. 1n a1990
paper in the journa Rivers, Kulik states, “There has been a growing concern among water users
and resource managers thet the 0.5 cfsm vaue may not be a universaly gpplicable approximation
of unregulated median August flow in dl New England sreams”®  There are severd important
criteria which the methodology used in sdection streams for the calculation of the ABF including:
1) essentidly unregulated stream; 2) minimum drainage area of 50 square miles; 3) minimum
period of record on stream gage of 25 years, and 4) good or excdlent quality gage data. The
Weir River watershed would not have met these criteria and therefore may differ from the sample
watersheds in important ways. In addition, the sample set was taken from dl over New England
while it has been shown that Massachusatts median August sreamflows differ Sgnificantly from
the 0.5 cfsm used in the USFWS ABF policy. According to USGS data, “ The statewide median
of the August median streamflow was 0.246 cubic foot per square mile (cfsm); however the
median in the western region was 0.271 cfsm and the median in the eastern region was 0.197
cfsm. A third hydrologic region, the southeast coastd region, encompasses an area in which
aurficid geology is entirdy dratified drift, and for which data were insufficient to determine August
median streamflows.”®

Table 53(a) indicaes the totd minimum in-stream flows which would be required to
meet the MADEM / Massachusetts Water Resources Commission thresholds for each of the

8 .S, Fish and Wildlife Service. Interim Regional Policy for New England Stream Flow Recommendations.
Newton Corner, MA. 1981.

8 Mass. Division of Fish and Wildlife. Todd Allan Richards, Personal Correspondence, Sept. 25, 2000

& Kulik, Brandon H. A Method to Refine the New England Aquatic Base Flow Policy. “Rivers’ Vol.1 No. 1.
pp 8-22. 1990.

8 .S. Geological Survey. August Median Streamflowsin Massachusetts. Water-Resources | nvestigations
Report 97-4190. Kernedl G. Rieslll. 1997.
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subbasins in the Weir River Watershed and includes the predicted August median streamflows
based on USGS regression anadysis for Eastern Massachusetts. Table 5-3(b) indicates the tota
minmum in-stream flows which would be result from the USFWS ABF New England How
Palicy.

Ancther generdized method for determining flow criteria is the Tennant Method. This
method was developed for use in the Western United States and uses percentages of average
annud flow to describe the suitability of seasond in-stream flow conditions for aguatic life. In
1999, Mr. Vernon Lang of the USFWS prepared an overview of the Interim Regiona Policy for
the New England Stream FHow Recommendations™. In this document, Lang compares the New
England ABF recommendations to Tennant’s criteria. The 0.5 csfm default for the ABF is about
26 percent of the average annud flow of the ABF reference stream.  This falls between the poor
habitat and fair habitat conditions postulated by Tennant. However, because Tennant’s method
was developed for use in very different geographic and hydrologic conditions, it is not generdly
gpplied in New England.®

These flow criteria listed above are generd recommendations for use in the area of the
Weymouth and Weir River watersheds and al of New England, respectively. To develop
specific recommendations for the individua streams and rivers of the basin, it is necessary to do a
stream-ecific evadudion. Lang dates, “Generdly spesking, if Ste-specific Sudies have been
properly coordinated, scoped, conducted, and reviewed, the tendency should be to use ste
specific over dandard setting (ABF) data” The document goes on to say that, “Generdly
speaking, flow recommendations negotiated from IFIM sudies tend to be lower than ABF
vadues” Such an evduation requires specific knowledge of the physica and hydrologic
characterigtics of the individud streams and rivers.  Stream-specific evauations were conducted
a various locations dong Accord Brook and the Weir River as detailed in Section 5.42 and
5.43.

5.42 Aquatic Habitat Evauation Methodology

A dte vidt conducted during August 1999 reveded that predominate stream channe
types consisted of shalow runs (smoothflowing sections of the stream) and riffles (fast, turbulent,
flowing sections of the stream), with few shdlow pools (dow, wide, degper sections of the
stream). Other habitat types (e.g. steep rapids, deep pools and pocket water) were either absent
or extremely rare. A totd of six sudy stes were located on the Accord Brook (A-1 and A-2in
subbasin 3 and A-3 just beyond the subbasin divide in subbasin 6) and Weir River (W-1 through
W-3 in subbasin 6) to account for representative habitat types (shown on Figure 34). Each
study sSite was used to depict a typica or representative habitat type found in the subbasin. The
tota number of transects per sudy Ste varied from one to three, depending on observed

8 U.S. Fish and Wildlife Service. Questions and Answers on the New England Flow Policy. Vernon Lang.
Concord, NH. May 11, 1999

® Stalnaker, Clair, et. al. “The Instream Flow Incremental Methodology — A Primer for IFIM”, National
Biological Service Biological Report 29, March 1995.
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sreambed complexity. This resulted in a tota of thirteen transects (or cross sections) being
employed. Most were placed in rifflesand runs.

Habitat suitability was rated usng standard suitability index (SI) curves. These were
developed by evduating existing and expected biota for the watershed, and subsequently
obtaining applicable S criteria for species representing a cross-section of aguatic resources
(Appendix 1), or habitat guilds.

Ingream flow habitat andyses typicdly evauate habitat based upon speciess and
lifestage- Specific S rating curve criteria, in which depth, substrate, and velocity are independently
assigned rating vaues, based on research literature, observations, and/or professona judgment
(Bovee, 1982). The Weir River sudy employs standardized field methods, habitat data inputs,
and habitat suitability criteria developed for macroinvertebrates, landlocked sadmon parr, adult
rainbow and brown trout as used in IFIM applications (as per recommendation in Bovee, 1982)
to cdculate and interpolate habitat availability. In applying the S criteria, it appeared that
observed subdtrates reported at study Sites were generaly uniform, and were generaly rated as
suitable to optima, and thus subgtrates (as opposed to flow rate) are not alimiting habitat factor.
The emphasis on this analysis was therefore on water depth and average cross-sectiond velocity,
as yidded from hydraulic modeling. Based on the observed repeating patterns of habitat use,
habitat guilds were established for riffle and run/pool uses. Macroinvertebrate, darter and
spawning (sucker and brown trout) SI criteria were used for riffle evauation. Brown trout
(juvenile and adult), and white sucker (juvenile) were used to evauate runs and poals.

Once the locations of the stream transects were established by the fisheries biologidts,
GZA used standard survey techniques to develop cross-sectiond profiles at each transect. Using
observed flow data and hydraulic parameters established by the FEMA flood study for the Town
of Hingham,®® the hydraulics of each transect were modded using the software package
FlowMaster (Haestad Methods, Waterbury, Connecticut, 1995). The hydraulic model alowed
relationships to be established at each location which correlate potentia flow regimes through the
channd with depth, flow velocity, and wetted perimeter (shown in Appendix E). The modeled
relations for flow versus depth and velocity were cdibrated againg the observed data from the
field measurement program.

All transect data (e.g. bed eevation, substrate data, water depth, wetted perimeter, and
velocity) for each discharge was entered into a spreadsheet (Excd) and qudity checked. The
width between vertica dations aong each transect provides a “cdl” dimengon. Cel area was
caculated by cdl width by an assumed 100-ft cdl length. Habitat area was then cdculated for dl
wetted stream cdlls for each transect at each modeled flow by adjusting wetted area based on
depth and velocity Sl criteria (as developed in Section 5.32 and shown in Appendix I) for each
applicable species and lifestage. For each wetted microhabitat cell, the spreadsheet rated each
specied/lifestage-gpecific depth, velocity and wetted substrate criterion on a scde of 0.0 to 1.0,

% Federal Emergency Management Agency, “Flood Insurance Study: Town of Hingham, Massachusetts,” June 3, 1986.
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multiplied these values together with the area of the cdl, and then summed al resulting aress
together to estimate total habitat area at each flow. Habitat output was expressed in units of
Usable Area (UA). One UA unit corresponds to 1 square foot of optima habitat.  For multi-
transect dudy dStes, dl transects within each study ste were equaly weighted, and results
combined to provide a composite estimate of habitat area in terms of Weighted Usable Area
(WUA) for the sudy ste. Habitat availability at various times of the year was evauated by
inputting average monthly baseflow and/or streamflow vaues predicted by the water budget
modd into the habitat curves.

5.43 Stream-specific Aquatic Habitat Evaluation

Appendix J contains detailed microhabitat caculation summaries for gpplicable Pecies,
lifestages evaluated at each specific sudy Site and transect.

At each of the study transects discussed below, the monthly average flow rates predicted
in the water balance mode were input into the habitat curves. The habitat available for each
species and/or lifestage was then evaluated at each transect for the predicted monthly flows.
Each table contained in Appendix J contains a Weighted Usable Area (WUA) vaue for each
transect within the specific sudy Ste for a Sngle organiam or lifestage. A summary teble isaso
presented for each study Ste.

The Weir River watershed study has utilized recommendations and methodologies
developed as part of the USFWS ABF Policy. The primary focus of the USFWS ABF Policy
was to evauate the Aquatic Base FHow established by the low flow conditionsin the summer dry
months. Vernon Lang, in his commentary on the USFWS New England Policy states, “Low flow
conditions in August typicaly represent a naurd limiting period because of high sream
temperatures and diminished living space, dissolved oxygen and food supply. Over the long term,
dream flora and fauna have evolved to survive these adversties without mgor population
changes. The median flow for August was therefore designated as the Aquatic Base Flow.”
“Naturd” or “virgin” low flow conditions before human influence on the watershed represent the
gtuation to which indigenous species would have adapted. The “virgin” low flow condition
produces what Lang refers to as “critical chemicad and physica parameters that could function as
limiting factors on aguetic life” The indigenous aguetic life would therefore be expected to have
evolved to produce populations which would maximize but not over-utilize the amount of habitat
available under the *virgin® low flow conditions. The habitat avallable under these low flow
conditions is not necessarily optima. Lang dtates, “The term optimd flow is a rdative term
depending on the life cycle requirements and preferences of the species involved.”

Seasond flow recommendations for the Weir River have been evaluated on the basis of
maintaining spawning and incubating habitats for those species present in the streams which are
reproducing during a particular season.  This is congstent with USFWS Interim Regiond How
Recommendation Policy which states, “[T]he USFWS shdl recommend thet the ABF relesse for
al times of the year be equivdent to the median August flow for the period of record unless
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superceded by spawning and incubation flow recommendations.”®” The indicator species used in
the October to March period is spawning brown trout. These fish build redds on gravel bars for
their eggs. Such habitat was not noted in the sample reaches. But if avallable esewhere on the
streams, then the habitat value for brown trout spawning and egg incubation would be established
by the minimum flow in virgin conditions during the period, snce fish would not be likely to lay
eggs in areas which would be exposed under typicd norma conditions. Likewise, white sucker
spawning habitat was used to establish the flow recommendations for the May to June period.
This evauation of seasond flow requirements is based on the USFWS Policy which Sates, “The
USFWS shdl recommend flow releases equivdent to the higoricd median sream flow
throughout the applicable spawning and incubations period.”® How recommendations from
March to April were evauated on the bass of “bankfull” flow, i.e. the amount of flow which is
required to fill the stream channel to the top of the banks. This criterion is generdly thought to be
useful for channe-forming purposes. The Tennant Method criteria state that periodic high flows
should be provided to remove silt, sediment, and other bed materid.* No overbank spawning
Species are present in the watershed. In generd, it appears that the non-summer seasond flows
under developed and future conditions are not limiting for the species sudied. Monthly average
flows estimated by the water balance model suggest that under average hydrologic conditions, the
non-summer flow recommendations will be met when flows are averaged over the period in
question. The summer low-flows are the limiting factor to habitat availability and population
development for the indicator species.

The water balance modd produced by GZA estimates monthly average flows for both
the baseflow component of streamflow and for totd streamflow. Monthly averages are not the
same as monthly median values, and a times may be quite different. Thisis particularly truein a
relatively smdl watershed where surface water flows pass quickly through the system during
periods when base flow islow. An example of this is found in the Old Swamp River, which is
amilar to the Werr River. The median August flow rate in the Old Swamp River is 1.30 cfs (0.29
cfam) while the mean August flow rate is 3.03 cfs (0.67 cfam). A second exampleis provided by
another smilar river, the Indian Head River. The median August flow rate in the Indian Heed
River is 11.0 cfs (0.36 cfam) while the mean August flow rate is 22.2 cfs (0.73 cfsm). In both of
the amilar rivers, the median August dreamflow is goproximady hdf of the mean August
sreamflow. It was not possible to directly caculate the monthly medians of either baseflow or
tota streamflow within the Welr River watershed since along term data set is not available.

Monitoring of flows within a stream may ether concentrate on Satisticd analyss of adata
st compiled over a certain time period (e.g. monthly) composed of numerous, more frequent
flow measurements (eg. daily or continuous), or on individud ingtantaneous flow rates. Both

8 U.S. Fish and Wildlife Service. “ Questions and Answers on the New England Flow Policy — Appendix A:
Interim Regional Policy for New England Stream Flow Recommendations.” VernonLang, May 11, 1999.

8 .S. Fish and Wildlife Service. “ Questions and Answers on the New England Flow Policy — Appendix A:
Interim Regional Policy for New England Stream Flow Recommendations.” Vernon Lang, May 11, 1999.

® Stalnaker, Clair, et. al. “The Instream Flow Incremental Methodology — A Primer for IFIM”, National
Biological Service Biological Report 29, March 1995.
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gpproaches have advantages and disadvantages. The primary condraint on using a datistica
gpproach is that a sgnificant amount d data must be collected and reduced. The lack of an
automated flow gage in the Weir River watershed may make such data collection difficult. As
such, GZA has chosen to consider both monthly average streamflows and ingtantaneous
sreamflowsin our andysis of habitat availability during the low-flow period of the year.

The water budget mode created by GZA for this sudy estimates two flow vaues: 1)
Average Monthly Baseflow, and 2) Average Monthly Streamflow (of which baseflow is a
component). The later value, average monthly streamflow, may be directly compared to flow
data from the streams and rivers of the Wer River, provided that enough measurements are
collected to form a gatidicaly sgnificant data set. Average monthly streamflow is not, in GZA's
opinion, a good indicator of what the typica instantaneous sreamflows are likely to be. Thisis
because the average or mean monthly streamflow takes into account both periods of high and low
flow. And, as shown above, the average monthly streamflow is not, in GZA’s opinion, a good
indicator of median monthly streamflow, particularly in the summer.

It is GZA’s opinion that that average monthly bassflow vaue predicted by the water
budget model is more representative of the median monthly sreamflow in the Wer River
watershed. This is because during summer months when effective precipitation is a its lowest,
streamflow will be comprised primarily of groundwater outflow (i.e. baseflow) for the mgority of
the time; however, rain events such as thunderstorms can produce high intengity, short duration
runoff which will account for the mgority of streamflow quantity when averaged over the month
(as evidenced by baseflow accounting for only 37 percent of total streamflow in August on acfsm
bass).

For the purposes of evauating aguetic habitat, total amount of flow in the channel is the
important parameter — regardless of whether the flow originates from groundwater outflow or
surface runoff. The important issue is to establish the gppropriate and representative quantity of
totd dreamflow. In GZA’s opinion, the flow rae associated with baseflow is more
representative of typicd (i.e. median) flow rates during summer low-flow periods than the average
monthly total streamflow rate estimated by the water budget moddl.

Therefore, for the summer low-flow periods, GZA recommends evauating habitats usng
streamflow rate equivaent to the baseflow vaue predicted by the water bal ance discussed above.
The USFWS New England Flow Policy gates that “ Aquatic Base Flow as used here should not
be confused with the hydrologic base flow, which usualy refers to the minimum discharge over a
specified period.” However, it is dso very specific that the flow recommendations apply to
ingtantaneous flow releases. It is GZA’s opinion that the water balance-derived baseflow vaueis
a better indicator of typicd instantaneous flow (i.e. median streamflow) in the streams and rivers
of the Weir River watershed during the summer months. In other words, aguatic habitat will be
evauated based on typicd totd streamflow, but in summer low-flow months the typica
sreamflow is assumed to be more closely modeled by the water baance average monthly
bassflow vaue than the water baance average monthly streamflow vaue. For seasons other than
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summer, the water badance average monthly streamflow has been used to andyze habitat
availability and make flow recommendations since precipitation and runoff are more frequent and
regular.

5.43.1 Accord Brook

According to the water balance modd for this subbasin (Section 4.54.3), a
typicd virgin streamflow of gpproximately 1.0 cfs (based on the water balance baseflow estimate)
could be expected to prevail in this habitat during summer low flow conditions (July and August)
in an average year. Under developed conditions, atypica flow of essentidly zero cfs prevails for
this same period. These flows will be gpplied to the habitat area-to-flow relationship curves
developed for the sample stream reaches to evduate stream-specific minimum instantaneous
flows. The dream-specific flows in each sample reach are discussed below and the
recommended minimum instantaneous flows and seasond flow recommendations are discussed in
section 5.44

As a comparison, the minimum ingantaneous flow recommendation for Accord
Brook (including tota basin upstream of the diverson dam) based on MADEM / Mass. Water
Resources Commission recommendations for the Weymouth and Weir River is 0.56 cfs. For
most of the selected indicator species, this flow rate is il in the linear part of the curves, and
produces on average less habitat than the virgin typica stresmflow but more than the devel oped
typica streamflow. The minimum ingtantaneous flow recommendation for Accord Brook based
on the USFWS New England Flow Policy is 1.89 cfs. The USFWS ABF is dso ill generdly
in the initid linear part of the habitat curves, but produces more habitat value than even the virgin
typica streamflow and certainly more than the developed typica streamflows.

A. Run-riffle

Habitat of this type was represented by three transects designated as Accord Brook

sudy ste 1 (A-1), and was modeled between a discharge of zero to 8 cfs. Redtivey

little gain in habitat occurs between 0 and 2 cfs; usable area then increases at a high rate
between 2 and 4 cfs (Figure 51) for dl lifestages other than macroinvertebrates and
spawning Brown trout. The grestest suitability in this section gppears to be for juvenile
white sucker; the least suitability appears to be for macroinvertebrates. Brown trout adult
suitability reaches a plateau between 4 and 5 cfs, then decreases regpidly at higher

discharges primarily due to increases in excessve velocities Habitat suitability for
juvenile brown trout and white sucker peeks at 5 cfs, but reaches an inflection point at 4
cfs. Brown trout spawning habitat is minimal but achieves a plateau between 2 to 5 cfs,
then decreases. The typicd virgin summertime streamflow of gpproximately 1.0 cfsisin
the linear (constant rate of increase) portion of the curves rigng from zero. Thisindicates
that aflow of 1.0 cfs would provide gpproximatdly twice the habitat as a flow of 0.5 cfs
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and would provide and four timesthat of aflow of 0.25 cfs. No habitat exists for any of
the species during the predicted developed minimum baseflow of zero cfs.

B. Run

Habitat of this type was represented by one transect designated as Accord Brook study
dte 2 (A-2). It was modeled between discharges of zero to 5 cfs (Figure 52). No
habitat suitability existed for macroinvertebrates at any discharge, primarily due to depths
fdling outsgde of the optimal/suitable range a dl flows. Brown trout (both adult and
juvenile) habitat suitability increased gradudly across the entire flow range as depth
increased, but without excessve veocities occurring. White sucker (juvenile and
spawning) habitat suitability increased more rapidly to apesk at 2 cfs. FHow increasesto
5 cfs were equaly suitéble for this lifetage. A typicd virgin summertime streamflow of
gpproximately 1.0 cfs gppears to generdly be in alinear portion of the curves risng from
Zexo.

C. Run-riffle

This run-riffle, Accord Brook ste 3 (A-3) differed somewhat from dte 1 in that it
represents a wider channd area. Habitat of this type was represented by three transects,
and was modeled between a discharge of zero to 9 cfs (Figure 5-3). Habitat suitability
increases gradudly for both lifestages of brown trout throughout the entire flow range
modded. The greatest suitability in this section appears to be for juvenile white sucker
and macroinvertebrates. Habitat suitability for these life stages inflects to a plateau a 4
cfs The typicd virgin summertime dreamflow of goproximately 1.0 cfs is within a linear
(from zero) portion of the macroinvertebrates, white sucker, and both lifestages of brown
trout curves. No habitat exigts for typicd summer dreamflow conditions under
developed conditions, but measurable habitat increases exist even at low flow under virgin
conditions, with the most pronounced increases occurring for the juvenile white sucker
lifestage.

5.43.2 Wer River

According to the water baance mode for this subbasin (Section 4.54.6), a

typicad virgin streamflow of approximately 3.5 cfs could be expected to preval in this hebitat
during summer low flow conditions (July and August) in an average year. Under developed
conditions, typica summertime streamflow is reduced to 2.6 cfs in August in an averaged year.
By comparison, the minimum ingtantaneous flow recommendation for the Weir River based on
MADEM / Mass. Water Resources Commission recommendations for the Weymouth and Welr
River is 2.22 cfs. For most of the selected indicator species, WRC-recommended flow rete is
dill in the linear part of the habitat curves, and produces, on average, less habitat than the virgin
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typicd summer streamflow but more than the developed typicd summer dreamflow. The
minimum instantaneous flow recommendation for Accord Brook based on the USFWS New
England How Policy is 7.40 cfs. In the Waeir river study transect, the USFWS ABF is beyond
the inflection point of most of the habitat curves, therefore more habitat is produced than under
the virgin or developed typica summer streamflow conditions, but the margind returns are grestly
diminished.

Study stes in the Weir River main ssem were located below the confluence of a
number of tributaries, such as Accord Brook, Fulling Mill Brook, and Crooked Meadow River.
As such the drainage area of this section has increased accordingly, resulting in a receiving
channel much larger than that found in the Accord Brook subbasin.

A. Riffle/shalow pool

Habitat of this type was located in Weir River ste 1 (W-1), and was represented by
three transects. The site was modeled between discharges of zero to 30 cfs (Figure 5-4).
The diversity of cover, substrate and richness of riffles suggested that species represented
by dl the study guild life stages could utilize this reach type. Habitat was depth limited for
macroinvertebrates at dl flows, and therefore no flow provided suitable habitat. The
greatest habitat suitability a any given flow was provided for juvenile white sucker.
However, results for dl lifestages other than macroinvertebrates show a consstent trend
for rapid increases in suitability between 0 and 5 cfs after which suitability did not
increase or decrease Sgnificantly across the range of higher flows, other than juvenile and
spawning white sucker. These lifestages experienced a secondary, gradua increase in
auitability a flows greater than 20 cfs. Typicd virgin and developed summertime
sreamflows are approximately 3.5 and 2.6 cfs, respectively. These flows are within the
portions of the relation curves which are linear from the origin.  This is when habitat
suitability is most sendtive to and directly proportiond to changes in flow for dl lifestages
other than macroinvertebrates. The virgin flow therefore may be seen to provide
gpproximately a third more habitat than is available under developed conditions.

B. Run

Habitat of this type was represented by one transect designated as Weir River study Ste
2 (W-2). It was modeled between a discharge of zero to 30 cfs (Figure 5-5). No habitat
suitability existed for macroinvertebrates at any discharge, primarily due to depths faling
outsde of the optimal/suitable range at al flows. Brown trout (both adult and juvenile)
habitat suitability increased gradudly across the entire flow range as depth increased, but
without excessive velocities occurring. A rough inflection point occurs for both lifestages
of brown trout a 20 cfs, and juvenile habitat begins to decline dightly at flows greater
than 25 cfs. Adult habitat resumes increasing above 25 cfs, dbeit dightly. White sucker
habitat suitability essentidly reaches a plateau a 10 cfs. Both virgin and developed
typicd summertime sreamflows are within the range where habitat suitability is most
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sengtive to changesin flow for Al lifestages other than macroinvertebrates. The virgin flow
agan therefore may be seen to provide approximately one third more habitat than is
available under developed conditions.

C. Riffle

The lower reaches of the Weir River contain observable riffles uninterrupted by run or
pools. Waer River Study ste 3 (W-3) was used D represent this habitat type, was
represented by three transects, and was modeled between a discharge of zero to 40 cfs
(Figure 5-6). This study Ste had perhaps the most complex channd profile, including a
thalweg, but aso a shod area that becomes submerged at flows greater than 25 cfs. The
diveraty of cover, substrate and richness of riffles suggested that species represented by
al sudy quild life stages could utilize this reach type. This appeared to be the only study
gte offering any potentia habitat suitability for brown trout spawning.

Habitat was depth-limited for macroinvertebrates at flows less than 20 cfs, then increased
up to 25 cfs. A plateau existed between 25 to 30 cfs, followed by a dight decline as
depth and veocity suitability declined dightly. A newly wetted channd area becomes
submerged above 30 cfs and increases in suitability as flow increases to 40 cfs.
Therefore, no flow provided suitable habitat. Results for al lifestages other than
meacroinvertebrates and brown trout (adults and spawning) show a consstent trend for
rapid increases in suitability between 0 and 5 cfs, after which suitability did not increase or
decrease sgnificantly until a discharge of 30 cfs provides sufficient depth and velocity
across the shoa areato generate additiond usable area. Thisresultsin dight increasesin
habitat for mogt lifestages, with white sucker juvenile habitat being the most sgnificant.
Brown trout (adult and spawning lifestages) increased at areldively linear rate across the
entire flow range. Again virgin and developed typica summertime flows are in the linear
portions of the curves which gart a the origin, when habitat suitability is most sengtive
and directly proportiond to changes in flow for dl lifetages other than
macroinvertebrates.

5.44 Stream-specific Minimum Streamflow Threshold Recommendations

The stream-specific habitat evaluations discussed in the previous sections alow the

rel ationship between habitat and flow to be studied for the chosen evaluation species. The habitat
evauation curves were developed using specific stream morphology data gathered during surveys
of sections of Accord Brook and Weir River. The average monthly flow data used in the habitat
evauation was developed specificaly for each subbasin of the Weir River watershed using the
water balance mode previoudy discussed.

The generd trend is for habitat to achieve optimal or at least stable conditions at sudy

stes for most lifestages at flows of approximately 2 to 5 cfs in Accord Brook and 5 to 10 cfsin
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the Weir River (subbasin 6), with some variation among Stes and lifesages. If water availability
was unlimited and no competing demands were present, flows in this range would be ided from a
habitat standpoint. However, it is evident from GZA'’s hydrologic anayses that flows of that
magnitude would not naturdly be sustained during summer months.  Under virgin conditions, in
an average year, typica streamflows (as modeed by baseflow) are predicted to drop below the
level which would produce optimum habitat in the months of July, Augugt, and into September.
In other words, optimum habitat conditions are not expected to occur during average summer
months — even under naturd, virgin, undeveloped conditions. Therefore it has been judged that
“maintenance’ of optimum habitat in the summer under developed conditions is unredigtic, Snce
such habitat is not expected to occur naturaly. At least for lifestages existing year round, the
naturaly-occurring low flow cyde occurring in July and August sets a naturd habitat attainment
level. Thisis consgent with the USFWS ABF New England Policy which states that “Low flow
conditions occurring in August typicaly result in the most metabolic stress to aguatic organisms,
due to high water temperatures and diminished living space, dissolved oxygen, and food supply.
Over the long term, stream flora and fauna have evolved to survive these periodic adversities
without mgor population changes. The USFWS has therefore designated the median flow for
August as the Aquatic Base How (ABF). The USFWS has assumed that the ABF will be
adequate throughout the year, unless additiona flow releases are necessary for fish spawning and
incubation.”®

Unregulated August median flow has long been used as a regulatory seasond minimum
flow target for ingtream habitat protection in New England, particularly when site-specific datais
lacking. Augugt median flow is an annua naturdly-occurring low flow that year-round agudtic life
stages can presumably adjust to without stress®™ Unregulated August median flow has been
estimated by the USFWS to be 0.5 cfs per square mile in New England. This flow has been
used by USFWS to establish their recommended ABF. However, August median flows can vary
somewhat, depending on individua basin characteristics?, and have been estimated to be 0.20 cfs
per square mile (cfsm) in eastern Massachusetts® USGS gage records for smilar watershedsin
the region are useful for comparison. The August median flow in the Indian Head River basin is
0.36 cfam, and the August median flow in the Old Swamp River watershed is 0.29 cfam. A
previous sudy by DEM presented to the Water Resources Commisson set the minimum
ingdantaneous sreamflow threshold in the Weymouth and Weir River Basin as 0.15 cfsm. The
previous DEM and USFWS recommendations would result in recommended summer minimum
flow thresholds ranging from approximately 0.56 cfs to 1.89 cfs in the Accord Brook basin
(subbasin 3), and gpproximately 2.2 cfsto 7.40 cfsin the vicinity of the lower section of the Weir
River (subbasin 6). In generd, the amount of available aguatic habitat increases as the flows

% U.S. Fish and Wildlife Service. Interim Regional Policy for New England Stream Flow Recommendations.
Newton Corner, MA. 1981.

L USFWS, 1981, V. Lang, USFWS, personal communication.

% Kulik, Brandon H. A Method to Refine the New England Aquatic Base Flow Policy. “Rivers’ Vol.1 No. 1.
pp 8-22. 1990.

% U.S. Geological Survey. August Median Streamflows in Massachusetts. Water-Resources | nvestigations
Report 97-4190. Kernedl G. Rieslll. 1997.
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increase; however, it isfair to consder whether the leve of habitat would be elevated beyond that
which would naturally be expected, even under pre-development conditions.

The water baance modd for the watershed indicates that undeveloped (or “virgin®)
average summer typica streamflows are approximately 0.28 cfsm for Accord Brook and 0.26
cfan for the Wer River. The reaulting typicd totd streamflows (in an average summer) a the
downstream edge of the subbasins are 1.06 cfs for Accord Brook and 3.80 cfs for the Wer
River. The habitat produced by these flows is not necessarily optimal, but representsthe limiting
factor for indigenous aquatic life. These typica streamflows were derived from the water balance
model estimation of baseflow during the summer. It is GZA’s opinion that the water balance
modd-derived baseflows are an appropriate predictor of median (typicd instantaneous)
streamflow during the summer in the Wer River watershed.

The need to provide a specific degree of agquatic habitat conservation in a given reach of
river is often driven by specific management objectives established by agencies respongble for
management of fishery resources, and balanced againgt the need for competing uses of the stream
flow.* Current typicd August streamflows in the Wer River watershed range from zero cfsm in
Accord Brook to 0.18 cfsm in the Weir River. Clearly, exiding levels of water withdrawals and
development result in a sgnificant reduction of habitat in the sudy area. Therefore, any increases
of in-stream flow above current levels would be beneficid. Active management for species of
high ecologicd and/or socid/economic importance may require a greater degree of habitat
protection than a passively managed fishery resource.

In the case of the subbasins in the Weir River watershed, our understanding is that
management objectives are generdly passve. A minimum flow achieving an intermediate degree
of habitat conservation would be an improvement over current conditions and enable water
supply withdrawals to continue to occur. The specific level of habitat conservation/restoration is
dependent on baancing habitat management objectives with human consumption objectives. For
purposes of this analyss, we sdlected a flow for each reach that produces 50 percent of the
habitat area produced under the typica virgin summertime streamflow conditions for each reach
asadarting point. Thiswas based on the assumption that a compromise would have to be made
between aquatic habitat needs and water supply needs, and that an “adequate’, not “optima”
habitat conservation strategy would be attainable in each subbasin. Such an approach issmilar to
the Tennant Method, which recommends stream management goa's through the maintenance of
certain percentages of mean annud flow.*

The Massachusetts Divison of Fisheries and Wildlife (DFW) sates, however, that active
fisheries management is occurring in certain portions of the watershed. A letter from Todd Allan
Richards of Mass. DFW dates the following: “The Waeir River and the lower Plymouth River are
managed as seasond coldwater streams.  The Fymouth River dso has holdover brook trout and

% Bovee, et al., U.S. Fish and Wildlife Service. 1998
% ibid.
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the Wer River has holdover brown trout. The unnamed tributary of the Plymouth River (dso
known as Leary’s Brook) and the E€l River are managed as awild brook trout fisheries. Leary’s
Brook was historically managed by MDFG as a “feeder stream” to the Plymouth River and was
closed to fishing to protect the wild fish. Due to their sengtive ecologica nature wild brook trout
streams receive specid atention from the MDFW during environmental reviews such as water
withdrawa permitting.” 1t may therefore be preferable to maintain a habitat percentage grester
than 50 percent of virgin in this brook. It is worthwhile to note that the Plymouth River subbasin
(subbasin 2) is currently the subbasin least affected by development, but there are now plans for
housing and golf course development in the area.

The suggested minimum acceptable ingtantaneous streamflows are presented in Table 5-
4. These flows represent the amount of streamflow needed to maintain 50 percent of the habitat
provided by the water baanced-derived typicd virgin dreamflows in an average summer. In
summary, the minimum sreamflows which maintain 50 percent of the average virgin August
aguatic habitat are 0.53 cfs in Accord Brook and 2.07 dfsin the Wer River. It isimportant to
understand that the choice of the minimum acceptable amount of habitat for a stream is a
somewhat arbitrary decison which is dependant on a variety of factors and vaues. It should be
noted that the proposed values are very close to the Massachusetts Water Resources
Commisson Minimum Ingtantaneous Streamflow Threshold recommendations but less than the
USFWS ABF recommendations. The stakeholders within the watershed must decide on the
relative vaues they place on dl potentid uses of a basin's water resources and then accordingly
alocate the finite resources to meet those functions. The 50 percent aquatic habitat threshold is
presented as a departure point to spur discusson and identify potentia areas of resource
dlocation conflict. Nothing in this report should be taken to imply that the DEM or the authors
advocate a loss of water withdrawd rights for the public water supply sources presently utilized.
Rather, it is hoped that this study will provide data by which the impacts of withdrawals can be
understood, and which will lead to water management dterndives to minimize negative impacts
where options are available.

The USFWS ABF New England Policy dates that the ABF based on August median
flow will ke adequate throughout the year, unless additiond flow releases are necessary for fish
spawning and incubation. The New England Policy dates “We have determined that flow
releases equivaent to higoric median flows during the spawning and incubation periods will
protect critical reproductive functions” GZA has evauated seasond flow requirements based on
DEM and MDFW requests to examine the flow needs of fdl-gpawning sdmonids and spring-
gpawning fish such as white sucker. Seasond flow recommendations for spawning and incubation
purposes are based on the lowest monthly average virgin streamflow in the period of interest.
These conditions serve to define the limit of usable habitat under undeveloped conditions.
October dreamflows are limiting to Fal / Winter (Oct. 1 through Feb. 28) spawning.
Streamflows equa to or greater than the October average (1.07 cfsm) will be at or above the
habitat inflection point for spawning Brown trout, shown for Weir River ste 3 on Figure 56.
June streamflows ae limiting to Late Spring (May 1 through June 30) spawning.  Streamflows
equd to or greater than the June average (1.36 cfam) will be a or above habitat inflection points
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for spawning White sucker in both Accord Brook and Weir River, as shown on Figures 5-2 and
5-4.

A fourth season, which might be referred to as the Early Spring (March 1 through April
30) high flow period, is aso important to the overal hedth of the stream system. While there are
no aguatic species present in the water courses which require high flows for overbank spawning,
efc., the stream channds themsdves benefit from periodic flushing by high flows. In order to
insure that this flushing action (which removes st and debris and helps keep the channd defined)
occurs, GZA has recommended that minimum average high flow period streamflow be set equd
to “bankfull” flow. Bankfull flow occurs when the entire main channd is filled and the water
surface in the stream is at the top of the bank dope.

It should be noted that the water baance-derived total streamflow parameter
(groundwater outflow plus surface water runoff) has been used in the non-summer flow
recommendations. It is GZA’s opinion that the estimated total streamflow is an acceptable
criteria for the wetter periods of the year due to a more uniform digtribution of precipitation. For
the summer seasond streamflow recommendation, the minimum flow was developed based on
average August runoff (044 cfsm) plus a quantity of baseflow equd to the minimum
recommended instantaneous flow (0.14 cfsm).

All ingantaneous and average seasona streamflow recommendations were developed
based on the assumption of average annud precipitation totals and didtributions.  Actud
sreamflows may be expected to fal below these levels during drought conditions. The water
balance mode predicts that, even under pre-development conditions, streamflows are reduced in
response to below-average rainfal. An exemption or waver from meeting the recommended
seasond minimum dreamflows may therefore be judtified during periods of State-declared
drought emergency.

Using these procedures, seasond flow recommendations have been developed. A
minimum ingtantaneous flow recommendation has been presented fird. This is the recommended
minimum streamflow which should be maintained in the stream channds a dl times. The minimum
ingantaneous streamflow recommendation was developed based of summertime habitat and
flows, but it is applicable to dl seasons. At no time during the year should flow in any stream be
diverted or depleted below this threshold.  The seasond average flow recommendations account
for the average sreamflow over an extended time period. Evduation of the atanment of these
gods will require a data set of flow measurements over the entire season o that actud average
sreamflow may be computed. These seasond average streamflow recommendations are
presented for each subbasin in Table 5-5 and may be summarized (as generdized for the
watershed as awhole) as shown below:

Minimum Ingantaneous
Period Streamflow per Unit Watershed Area
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Summer: Jduly 1 to September 30 0.14 cfsm
(Also gpplies during other seasons)

Minimum Seasond Average

Period Steamflow per Unit Watershed Area
Summer: Jduly 1 to September 30 0.58 cfsm
Fal/Winter: October 1 to February 28 1.07 cfsm
Ealy Soring: March 1to April 30 3.11 cfsm
Late Spring: May 1 to June 30 1.36 cfsm

Examination of the sreamflow rates estimated by the water baance modd indicates that
flows in Accord Brook are currently unlikely to meet ether the minimum instantaneous or
seasond average streamflow recommendations, under average conditions.  Recommended
ingtantaneous flows within the Wer River itsdf gopear to be maintained in August under current
average summer conditions (primarily due to flows out of the Crooked River subbasin), but the
recommended summer seasond average streamflow does not appear to be attained under current
average conditions. These conditions are predicted to be exacerbated by increased future
demand.

5.50 AQUATICHABITAT SAFE YIELD ESTIMATES

Safe Yidd is a hydrologic term with severd different meanings. When used in discussons of
reservoirs and water supply systems, Safe Yield is defined as, “The maximum quantity of water
which can be guaranteed during a critical dry period.”® When referring to groundwater, Safe
Yield is sad to “Express the quantity of water which can be withdrawn without impairing the
aquifer as awater source [i.e. irreversible depletion], causing contamination, or cresting economic
problems from a severdy incressed pumping lift.”’ Safe Yidd may be expressed in terms of
million gdlons per day (MGD), which is a convenient term, particularly because DEP Water
Management Act registrations and permits refer to average dally demand (ADD) in terms of
MGD.

For the purposes of this study, a new term, Aquatic Habitat Safe Yield, has been coined.
Aquatic Habitat Safe Yield will be defined as the maximum quartity of water which may be
withdrawn under given hydrologic conditions which will dlow streamflows to remain at or above
specified seasona minimums in order to conserve, restore, and manage sustainable fish and
wildlife populaions. In other words, Aquatic Habitat Safe Yidd will be used as an esimate of
how much demand may be supported by a watershed without serious impact to the associated
aguatic habitat.

% Lindey, RK. and Franzini, J.B. Water-Resources Engineering. McGraw-Hill. 1964.
97 . .
ibid
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Aquatic Habitat Safe Yield in the Weir River watershed, as defined by and for the purposes of
this study, has been evauated using the water balance mode discussed in Section 4.52 and the
Recommended Minimum How Thresholds established in Section 5.44. As per the requirements
of the Department of Environmenta Management, Aquatic Habitat Safe Yidld has been assessed
on both an annual and a seasond basis.

The potentia Aquatic Habitat Safe Yield of each subbasin was evauated individudly. It was
assumed that minimum flows must be maintained in each subbasin.  Therefore, each subbasin
could be and was evduated separately, without regard to upstream or downstream subbasins.
All subbasins were assessed for maximum amount of water withdrawa possible while maintaining
minimum seasond  dreamflows.  Since remaining sreamflows after water withdrawals were
adequate on a per square mile basis, flows from one subbasin to the next did not cregte either a
aurplus or deficit in streamflow. It isimportant to note that the estimates of Aquatic Habitat Safe
Yield did not account for the specific locations of wells or diversons within the Wer River
watershed. Diversons and groundwater withdrawas were assumed to take place in each
subbagin. In actudity, some subbasins in the watershed are heavily subscribed while others are
barely impacted. Currently, the infrastructure needed to utilize the maximum groundwater and/or
surface water avallable from dl sub-basins does not exist; therefore the Aquatic Habitat Safe
Yidd edimated in this report may be somewhat higher than is currently feasble. The Aquatic
Habitat Safe Yidd represents a calling of water withdrawal assuming withdrawas could be made
a maximum efficencies.

The Aquatic Habitat Safe Yield for each subbasin was estimated in each month by determining
the amount of streamflow available in excess of the recommended average minimum flow. The
quantity of water to remain in the stream was subtracted from the average monthly streamflow
under virgin conditions to estimate the volume of water available for withdrawdl:

Quir — Qrec = Qavail

Where:
Quir = Virgintota streamflow (basflow + runoff)
Q rec = Recommended Average Streamflow

Q avail = Flow available for withdrawal

Thus dl streamflow in excess of the seasond recommended minimum for that month is assumed
to be available for withdrawa. Withdrawas may be ether from surface water diverson or via
groundwater pumping, which would affect streamflow through baseflow reduction. The Aquatic
Habitat Safe Yield calculations have been made on the basis of a year with average precipitation
and evaporation rates. Table 5-6a through Table 5-6f show the monthly Aquatic Habitat Safe
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Yidd cdculations for each subbasin. The annua and seasond results are summarized in Table 5-
7. Note that Subbasin 7, thetidal subbasin has been excluded from the caculations.

The results of the analysis indicate that the average annua Aquetic Habitat Safe Yield of the entire
Wer River waershed is 5.99 MGD. This is the average quantity of water avalable for

withdrawd in a year from the watershed while maintaining sufficient water within the sreams and
rivers of the basin to meet the minimum streamflow thresholds recommended by this sudy. The
Aquatic Habitat Safe Yield varies from season-to-season, however, due to natura variaion in

precipitation and changing streamflow requirements.  When viewed seasondly, the Aquatic
Habitat Safe Yield Estimates are asfollows:

Period Seasond Aquatic Habitat Safe Yield
Summer: July 1 to September 30 0.72MGD
Fal/Winter: October 1 to February 28 11.48 MGD
Ealy Soring: March 1to April 30 2.94 MGD
Late Spring: May 1 to June 30 3.31MGD

For dry conditions, virgin baseflow approaches zero in each subbasin. The Aquatic Habitat Safe
Yidd under such conditions is estimated as zero, Since any withdrawals would exacerbate the dry
conditions and extreme low flowsin the watershed.

It must be noted that the Aquatic Habitat Safe Yidd estimated by this study is does not refer to
physica capability of supply systems to actudly withdraw water from the watershed. No long-
term operations study or smulation was undertaken to estimate rdiability of the systems to meet
demand; nor were the capacities of individud wells, pumps, trestment plants, or storage tanks
taken into account. And as previoudy noted, the andysis performed in this Sudy assumes the
ability to make (and dedrability of making) withdrawas from al sub-basins. The current
configuration of wells and diversons does not dlow for the full utilization of dl excesswater from
al subbasins.

The Aquatic Habitat Safe Yidd estimates are dependent on the minimum acceptable in-stream
flow recommendations. The preliminary recommendations developed in this report are in turn
dependent on the choice of level of acceptable habitat. In this study, 50 percent of the virgin,
summertime habitat was used to develop the minimum flow recommendation. The amount of
water which should be dlocated to habitat is actudly dependent on the values and needs of the
various stakeholders within the watershed. The Aquatic Habitat Safe Yield estimates provided in
this report are intended to provide an indication of the availability of water resources in the
watershed and to identify where conflicts between uses may occur.
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Current levels of withdrawas from the watershed (4.12 MGD), based on data presented in

Section 4.30, do not exceed the estimated Aquatic Habitat Safe Yield of the watershed (5.99
MGD) on an annua bass. However, because withdrawals are concentrated in certain sub-basins
(such as Accord Brook) rather than spread evenly across the whole watershed, impacts may be
disproportionate on some sreams.  In addition, while the average annua withdrawas appear
acceptable, comparison of seasonal withdrawals to seasona Aquetic Habitat Safe Yield (AHSY)
indicates that excess withdrawds (and thus excessve impacts on aquatic habitat) may be
occurring. Seasond average withdrawals from al suppliers / users are compared to seasond

average safe yidds below:

Period Seasond AHSY Ave. Seasona Withdrawa
July 1 to September 30 0.72MGD < 4,94 MGD

October 1 to February 28 11.48 MGD > 3.61MGD

March 1 to April 30 2.94 MGD < 3.55MGD

May 1 to June 30 3.31MGD < 471 MGD

In three of the four seasons, average daily withdrawas from the watershed exceed the Aquatic
Habitat Sefe Yidd edimate. The problem isthe wordt in the summer months. Thisislogica since
precipitation is lowest in the summer, a the very time that demand for water is greatest. Thus
while it gppears that on average, there is sufficient water within the Wer River watershed to meet
the needs of both water users and aguatic habitat, the seasonal distribution of supply and demand
may be causing stress on both the water supply system and the aquiatic ecosystem.

Severd potentia courses of action might be considered in order to restore the aguatic habitat to
desrable levels while at the same time meeting the water supply needs of the community. One
dternative is to reduce demand via consumer education, improvements in efficiency, changes to
water cost structure, etc. A second alternative is to find new sources of water ether in locations
within the watershed where impacts are not yet critica, or more likely, from outsde the
watershed dtogether. It is also possible that modifications to the operationd Strategies of the
water utilities/suppliers might help mitigate the problems, some wells may have more impact than
others. Changes in the timing of withdrawas from surface water sources such as Accord Pond
might help to keep groundwater levels, and consequently baseflows, higher during the critica

summer months.  The Town of Norwel might dso be ale make adjusments to its pump
utilization schedule. Another potentid option is to make releases from Accord Pond (viaa pump,
siphon, or new low-leve outlet) directly into Accord Brook when flows fal bedow minimum

thresholds. Findly, if it were possible to store excess water available in the winter months for use
in the water-deficit summer, then better advantage could be taken of the total amount of water
available in the watershed throughout the yesar.
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6.00 SUMMARY & CONCLUSIONS

6.10 SUMMARY OF FINDINGS

This study of the Weir River watershed offers two important resources to watershed planners,
municipalities, water supply operators, fisheries managers, and al other interested stakeholders
including the public. Firg, the report brings together under one cover much of the basic facts and
information needed to understand the character, configuration, and resources of the watershed.
In addition to the basdine data compiled within this report, the study goes on to examine the
interaction between the intersecting needs of both humans and the environment for an adequate
supply of water. An interdisciplinary goproach involving both hydrology and biology was used to
dudy the overdl availability of water in the watershed and the role of water in maintaining a
auitable habitat for the living aguatic resources of the aea.  Recommended minimum seasond
streamflow thresholds have been suggested for the streams and rivers of the watershed, and the
esimated amount of water supply withdrawa compatible with maintaining these in-stream flows
has been computed. Summaries of some of the pertinent findings and results of this sudy are
presented below for ease of reference.

6.11 Summary of Watershed Characteristics

General Watershed Data

Mgor Rivers and Streams: Weir River, Accord Brook,
Plymouth / Crooked Meadow River

Major Lakes and Ponds: Accord Pond, Triphammer Pond, Fulling Mill
Pond, Foundry Pond, Straits Pond

Stream Gages No Permanent Gages

Watershed Area 23.4 9. mi. Tota Study Area 14.8 sq. mi.
Non-Tidd (to Foundry Pond Dam)

Delinested Subbasins. 7

Towns within wetershed (fully or partidly): Hingham, Hull, Cohasset, Norwell, Rockland,
Weymouth

Population (2000): 30,319 within Tota Study Area

Population Supplied from Watershed 38,014 (adjusted service population)

Ave. Annud Precipitation: 48.1in.

Ave. Annuad Evapotranspiration: 26.5in.
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Registered and Permitted Withdrawals

Aquarion Water | Norwell Water
Company Department Watershed Total
(MGD) (MGD) (MGD)
Registered 351 0.32 3.83
. 0.35 (2000) 4.07 (1998)
Permitied 0.00 0.40 (2010) 4.23 (2010)
0.67 (2000) 4.18 (2000)
Totds 351 0.72 (2010) 4.23 (2010)
Actual and Predicted Withdrawals
Aquarion Water | Norwell Water | Other (Assumed)
Company Department Withdrawds Totd
(MGD) (MGD) (MGD) (MGD)
Actud
(ave. 1996-2000) 3.57 0.46 0.08 4.12
Projected 2020
[Method 2 basdline] 4.04 0.49 0.09 4.63
Projected 2020
[Method 2 with 4.28 0.49 0.34 513
magjor devel opment]

* Additional 0.35 MGD proposed to be purchased from Taunton Desdlination Project

6.12 Summary of Flow Characteristics & Water Baance Results

Water Balance-Derived Annual Average Streamflow Rates

Average, Dry, Average, Dry, Average, Dry,
Virgin Virgin | Developed | Developed Future Future
Subbasin 3
(Accord Brook at | 7.4cfs 51cfs 6.2 cfs 4.4 cfs 6.2 cfs 4.4 cfs
Diverson Dam)
Subbasin 6 (Weir
River & Rt 3A) 286¢cfs | 19.7cfs | 25.0cfs 174 cfs 246cfs | 17.1cfs




Water Balance-Derived Typical August Streamflow Rates

Average, Dry, Average, Dry, Average, Dry,
Virgin Virgin | Developed | Developed Future | Future

Subbasin 3
(Accord Brook at | 0.9cfs 0.2 cfs 0.0cfs 0.0cfs 00cfs | 0.0cfs
Diverson Dam)

Subbasin 6 (Weir

River &t Rt 3A) 35cfs 0.8 cfs 2.6 cfs 0.2 cfs 2.6 cfs 0.2 cfs

6.13 Summary Of In-Stream Aquatic Habitat Flow Needs

Aquatic Evaluation Species. Brown trout, White sucker, Tessdllated darter, Cadisfly /
Mayfly

Flow Rate for Optimum Habitat Suitability Index

Brown White | Tessdlaed | Cadisfly/
Trout Sucker Darter Mayfly
Accord Brook (and Plymouth / 70cfs | 50cfs 7.0cfs 4.0 cfs
Crooked Meadow River)
Welr River 20.0cfs | 10.0cfs 20.0 cfs 25.0cfs

Note:  Optimum flow rates may not be sustained during low flow conditions,
even under pre-development conditions.

Recommended Minimum | nstantaneous Str eamflow

Watershed-wide per Unit Area How
Recommendations 014 cfsm
Accord Brook
(total contributing area= 3.77 sg. mi.) 05ds
Wer River
(total contributing area = 14.8 . mi) 21ds
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Recommendation based on preservation of
50 percent of summertime, pre-development aquatic

habitet.

Recommended Minimum Seasonal Average Streamflows

Fl/ Ealy Late

Summer Winter Soring Spring
Juyl- | Octl- Mar 1— May 1—
Sept 30 Feb 28 Apr 30 June 30

Watershed-wide per Unit Area 0.58 107 cfsm 311 1.36

Flow Recommendetions cfam ' cfsm cfam
Accord Brook (3.77 sg. mi.) 22cfs 4.0 cfs 11.7 cfs 51cfs
Weir River (14.8 9. mi) 8.6 cfs 158 cfs 46.0 cfs 20.1cfs

6.14 Summary of Safe Yidd Esimates

Reported Public Supply System Safe Yields

Reported Safe Yield
(MGD)
Aquarion Water Company System 4.29
(with emergency sources) (4.95)
Norwell Weir River Watershed Wells 1.00

Estimated Seasonal Aquatic Habitat Safe Yields
Compared to Current Seasonal Withdrawals

Current Average
Aquatic Habitat Safe | Seasond Withdrawa
Season Yidd (1996-2000)
(MGD) (MGD)
Summer: (Quly 1 — Sept 30) 0.72 4.94
Fal/Winter: (Oct 1 - Feb 28) 11.48 3.61




Early Spring: (Mar 1 — Apr 30) 2.94 3.55

Late Spring:  (May 1 — June 30) 3.31 4.71

Annud: (Jan 1 — Dec 31) 5.99 412

6.20 CONCLUSIONS

The water resources of the Weir River watershed are taxed in terms of both their capacity to
provide a stable public water supply and their ability to maintain adequate habitat for aguetic
wildlife. In the summer of 1999, outdoor water use restrictions were implemented in Hingham
and Hull. At the same time, pond levels were dso low and Accord Brook was dry in some
reaches. Many of the same conditions were repeated in 2002. In the five years between 1996
through 2000, tota withdrawas from the watershed by the Massachusetts American Water
Company (now the Aquarian Water Company) exceeded the registered limit during 3 separate
years. In addition, average dally demand in Hingham and Hull consgtently approached or
exceeded the reported system safe yield (excluding emergency sources) in June, July, and August.

The watershed provides water for approximately 38,014 persons living in the suburban
communities of Hingham, Hull, Cohassat, and Norwel. The samdl portions of Rockland and
Weymouth are within the watershed, but these two towns withdraw virtualy no water from the
watershed. The Aquarion Water Company of Massachusetts (AWC), which supplies virtudly all
of Hingham and Hull and a portion of Cohasset, withdraws water exclusvely from the Weir River
watershed. AWC pumps water from six (6) wels in Hingham and withdraws surface water from
Accord Pond and Accord Brook. AWC is currently registered for withdrawals of up to 3.51
MGD annudly. The Norwell Water Department was registered and permitted in 2000 for up to
0.67 MGD of withdrawas annudly from the Boston Harbor (Weir River) watershed via its four
wells. Average withdrawa rates in the five years between 1996 through 2000, as reported by
the public water suppliers, indicated that AWC (then MAWC) withdrew an average of 3.57
MGD, which is dightly (0.06 MGD) in excess of its regidration level. In the same period,
Norwell pumped 0.46 MGD, which did not exceed itstotal registered and permitted limit. Water
supplied by these suppliers is provided to resdentia, commercid, and industria consumersin and
around the watershed.

When taken together, withdrawas from the Weir River Watershed that are currently regulated by
the Water Management Act totaed 4.04 MGD on average during the five years from 1996
through 2000. In addition to registered and permitted withdrawals, there are private wells and
golf courses in the watershed which are assumed to have withdrawvn another 0.08 MGD on
average, making tota average daily demand in the watershed 4.12 MGD
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Based on the population and demand projections, water withdrawals are anticipated to increase
inthe future. Totd average daily withdrawals from the watershed may be expected to increase to
up to 4.63 MGD by the year 2020. Increased in demand above thislevel may occur as aresult
of mgor developments currently proposed for congtruction within the watershed. Devel opment
projects which have recently filed notices with the Massachusetts Environmental Protection Act
Office could increase futures demands to as high as 5.13 MGD. An additiona 0.35 MGD of
water is expected to be purchased from a desdination plant outside the watershed. If this water
is unavailable, then even more withdrawas from the Weir River watershed may be requested.

To quantify the effects of water withdrawals on aquatic wildlife in the streams of the watershed, a
smplified water baance modd was employed. The modd accounts for both natura and human+
caused inputs and outputs of water to and from the watershed and its various subbasins. The
water budget model was used to examine the watershed under both average and dry conditions,
for virgin (“natural”), developed, and future scenarios. The water budget model produced

estimates of monthly average baseflow and totd streamflow in the various streams and rivers of

the watershed under each combination of flow and development conditions. To evauate the
adequacy of the estimated in-stream flows, stream-gpecific habitat suitability-to-discharge curves
were developed for a rumber of indicator aguatic species. The curves, which were devel oped
based on stream morphology for specific stream dites, show the relationship between streamflow
and agudtic habitat in a manner smilar to the IFIM-type of gpproach. The curves indicate the
amount of flow that optimizes aguatic habitat, and they dso show inflection points where
additiond flow produces only smdl margind habitat gains.

Flow rates estimated by the water balance mode were compared againgt the habitat curves to
evduate the effects of current and potentid future development on aguatic habitat. Results of the
water baance mode for virgin (pre-development) conditions indicate that summer low-flow
conditions produce the minimum aquatic habitat. Even under undeveloped conditions and during
years with average precipitation habitat is sub-optimum during the summer and early fal.
Therefore, the low-flow period was likdly the limiting condition to the indigenous fish populations
of the Weir River even before development and water withdrawals by humans. Thisis consstent
with the conclusons and methodology of the U.S. Fish and Wildlife Service New England
Aquatic Base Flow Policy.

When current and predicted future levels of water withdrawas are incorporated into the water
balance modd, streamflows are reduced in every subbasin where withdrawas occur.  Accord
Brook and the Weir River are paticularly affected. The modd indicates that existing demand
causes sections of Accord Brook to run dry over significant portions of the year, even during
average years. The drying up of portions of Accord Brook was observed by GZA during field
work in August and October of 1999. The modd suggests that water supply withdrawas have a
ggnificant impact on typicad summertime streamflows and therefore adso impact aguatic habitat.
During dry year scenario (modeled as an event with a 5 percent annua chance of occurrence)
low-flow effects quite pronounced throughout the watershed. Aquatic habitat is severdy
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impared even in the virgin (pre-development) condition, as well as under the current and future
conditions.

The naturdly-occurring, pre-development aquatic habitat levels during the summer months were
taken as basdine reference habitats. Based on GZA’s understanding of stream management
objectives and in order to account for various water resources priorities, the minimum acceptable
Ingtantaneous streamflow was recommended to be that level of flow which provides 50 percent of
the aquatic habitat produced by the summer, pre-development typica streamflows. The average
monthly baseflows developed using the water baance modd were used as a proxy for typica

streamflows since these flow rates were assumed to more closaly represent summertime median
dreamflows. Given the physica and hydrologic characteristics of the watershed, it is GZA’s
opinion that in the summer low-flow season average, the mode derived baseflow vaue is a
reasonable approximation of median streamflow, which is the parameter used by the USFWS.

The minimum recommended ingtantaneous streamflow threshold developed for the Weir River
watershed using these criteriais 0.14 cubic feet per second per square mile. Minimum average
seasona streamflow rates have adso been developed which reflect flow variability within each
season and over the course of the year. Seasonal streamflow recommendations are based on the
seasond requirements of spawning fish and incubating eggs. It is dso important that high flowsin
the spring are sufficient to provide natural channel forming and scour action. Current and future
development in the watershed does not gppear to significantly impact the adequacy of flows in
Seasons other than summer.

These recommended in-stream flow rates should be adequate to meet the needs of most of the
aquatic species present in the watershed, including anadromous fish such as dewife. 1t should be
recognized, however, that the restoration of anadromous fish populations in the watershed is
dependant on a number of factors. In particular, the proper functioning of the fish ladders a
Foundry Pond Dam and Triphammer Pond Dam is criticd to adlow upstream passage for
pawning anadromous fish.

Maintenance of recommended minimum ingtantaneous and average streamflow within the streams
of the watershed requires that water withdrawas be limited to a rate that does not cause
depletion of the rivers and streams. The average daily demand which may be sustained without
causing average streamflow in any month to fal below the minimum acceptable seasond threshold
has been termed the Aquatic Habitat Safe Yield. The average year Aquatic Habitat Safe Yield
for the entire Weir River Basin has been estimated to be 5.99 MGD. Current levels of demand
do not exceed the Aquatic Habitat Safe Yield when averaged over afull year; however, Aquatic
Habitat Safe Yidd vaues have dso been developed seasondly to account for the changing needs
of aquatic habitat and the seasond aspect of water availability within the watershed.  When
viewed seasondly, withdrawds from the Weir River Watershed exceed seasond Aquatic Habitat
Safe Yidd vaues in three of the four seasons, with the largest deficit occurring in the summer.
During the five fdl/winter months (October through February), the seasond Aquatic Habitat Safe
Yield of 1148 MGD far exceeds the average seasond withdrawa of 3.61 MGD. The
methodology used to develop the Aquatic Habitat Safe Yidd estimates presented in this report
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accounts for generd withdrawas from each subbasin.  The specific configurations of the water

supply systems (i.e. well location, reservoir storage, etc.) in the Weir River watershed was not
modeled.

The Aqueatic Habitat Safe Yidd edtimates are directly dependent on the minimum seasond
sreamflow recommendations, which are in turn dependent on judgements regarding appropriate
relative levels of aguatic habitat. The amount of water dlocated to the maintenance of aquatic
habitat is ultimatdy a function of the vaue placed upon fisheries and the agquatic environment by
the various stakeholders with interests in the watershed. These vaues must be weighed against
the utility of water used by resdents and other consumers who use withdrawvn water to drink,
bathe, water lawns, and run businesses. A baance must be struck between the needs of the
aquatic environment and the water users who are dependant on the watershed. The results of this
study should be used as a basis for discussons and additiond study. Ultimately, policy decisons
relating to the alocation of limited water resources must be in the public arena through a
consensus of al stakeholders.
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8.00 GLOSSARY

Aquifer: A geologic formation, group of formations, or part of aformation that contains sufficient
saturated permeable materidsto yield sgnificant quantities of water to wells or springs

Baseflow: The portion of streamflow derived from groundwater discharge.
Bedrock: Solid rock, commonly called “ledge,” that formsthe earth’s crust.

Casing: Any congruction materid that kegps unconsolidated earth materias and weater from
entering awdl.

Coagulation: The process by which materia clumps together or becomes viscous or thickened.

Coefficient of Permesbility: Therate of flow of water (in gallons per day) through a cross
sectional area (of one square foot) of a saturated material under ahydraulic gradient (of
one foot per foot) at a Temperature of 16° C.

Coliform Bacteriaa Any of agroup of bacteria, some of which, inhabit the intestind tracts of
vertebrates. Their occurrence in water is regarded as evidence of possible
contamination.

Color Unit: A standard of color in water measured by the platinum-cobalt method. The color
produced by 1 mg/L of platinum in water equas 1 color unit.

Cone of depression: A depression produced in awater table by the withdrawal of water in an
aquifer.

Cubic feet per second, cfs. A unit expressing discharge. One cubic foot per second is equd to
the discharge of astream 1 foot wide and 1 foot deep flowing a an average velocity of
1 foot per second.

Direct Runoff: Water that moves over the land surface directly into awater body shortly after a
precipitation event.

Dissolved Solids: The resdue from a clear sample of water after evaporation and drying for one
hour at 180° C.

Dréft Rate: A rate of regulated flow at which water is withdrawn from storage in areservoir.
Drawdown: The lowering of the water table or potentiometric surface caused by the withdrawal

of water from an aquifer by pumping; equd to the difference between the Static water
level and the pumping water leve.
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Eutrophic lake: A lakerich in dissolved nutrients, commonly shalow and having season oxygen
deficiency.

Evapotranspiration: Loss of water to the atmosphere by direct evaporation from water surfaces
and moist soil combined with trangpiration from living plants.

Hocculation: The process by which clumps of materid in aliquid aggregate or increasein Size.
Hood: Any high streamflow overtopping the natura or artificid banksin any reach of a stream.

Fow duration: In a stream, the percentage of time during which specified daily discharges have
been equaed in magnitude within a given time period.

Fracture: A break or opening in bedrock along which water may move.
Frequency: The average number of extreme events over aperiod of many years.

Gaging gtation: A dte on aflowing body of weater for systematic observations of water height or
discharge.

Gravel: Unconsolidated rock debris comprised principaly of particleslarger than 2 mmin
diameter.

Groundwater: Water in the saturated zone (subsurface).
Groundwater discharge: The discharge of water from the saturated zone by natural processes
such as groundwater runoff and evapotrangpiration and/or discharge through wells and

other human-made structures.

Groundwater divide: A hypotheticd line onawater table on each sde of which the water table
dopes downward in adirection awvay from the line.

Groundwater outflow: The sum of groundwater runoff and underflow; it includes dl natura
groundwater discharge from adrainage area exclusive of groundwater

evapotrangpiration.
Groundwater recharge: Amount of water added to the saturated zone through infiltration.

Groundwater runoff: Water that has discharged into stream channels by seepage from saturated
earth materids.

Head, gatic. The height of the surface of awater column above a sandard datum that can be
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supported by the static pressure a a given point.

Hydraulic boundary: A physical feature that limits the ared extent of an aquifer. The two types of
boundaries are termed impermeable barrier boundaries and line-source boundaries.

Hydraulic conductivity: A measure of the ability of a porous medium to tranamit afluid. Theratio
of velocity to hydraulic gradient, indicating permesbility of amaterid. The materid has
ahydraulic conductivity of unit length per unit timeif it will trangmit in unit time a unit
volume of water a the prevailing kinematic viscosity through a cross section of unit
area, measured a right angles to the direction of flow, under ahydraulic gradient, of unit
change in head over unit length of flow path.

Hydraulic gradient: The change in gatic head per unit of distance in agiven direction.

Hydrograph: A graph showing stage (height) versus discharge with respect to time,

Impermesble barrier boundary: The contact between an aquifer and adjacent impermeeble
materid that limits the ared extent of the aguifer.

Induced infiltration: The process by which water infiltrates an agquifer from an adjacent surface
water body in response to groundwater pumping.

Induced recharge: The amount of water entering an aguifer from an adjacent surface water body
by the process of induced infiltration.

Line-source boundary: A boundary formed by a surface water body thet is hydraulicaly
connected to an adjacent aquifer.

Partid record gaging station: A dite a which random measurements of stream eevation or flow
aremade a irregular intervals.

Perennid stream: A dream that flows during dl seasons of the year.

pH: The negative logarithm of the hydrogen-ion concentration. pH of 7.0 indicates neutrdity; pH
below 7.0 denotes acidity, above 7.0 denotes akainity (base).

Porogity: The property of rock or unconsolidated material to contain voids or open spaces; it
may be expressed quantitatively astheratio of the volume of its open spacesto itstota
volume.

Precipitation: The discharge of water from the atmosphere, either in aliquid or solid state.

Recurrence interva: The average interva of time between extremes of streamflow, such asfloods
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or droughts, that will at leest equd in severity a particular extreme vaue over a period
of many years.

Runoff: That part of precipitation that gppearsin streams. It isthe same as streamflow unaffected
by atificid diversons, storage, or other artificid worksin stream channels.

Saturated thickness: Thickness or depth of an aguifer below the water table.

Saturated zone: Subsurface zone in which al open spaces arefilled with water. The water table
isthe upper limit of this zone.

Sediment: Fragmentd materid that originates from westhering of rocks.

Specific capacity of awdl: The rate of discharge of water divided by the corresponding
drawdown of the weter level in the well.

Specific yidd: Theratio of the volume of water which, after being saturated, arock or soil will
yield by gravity, to its own volume,

Storage coefficient: The volume of water an aguifer releases from or takes into sorage per unit
surface area of the aquifer per unit change in head. In an unconfined aquifer, the
storage coefficient is virtudly equd to the specific yidd.

Stratified drift: A predominantly sorted sediment laid down by or in mdtwater from aglacier;
includes sand and gravel and minor amounts of St and clay arranged in layers.

Subbasins Hydrologic divisons of awatershed.

Transmissvity: Measure of how easily water in an aguifer can trave through its porous materid.
Equa to the hydraulic conductivity times the saturated thickness.

Transpiration: The process whereby plants release water vapor to the atmosphere.

Turbidity: The extent to which penetration of light is restricted by suspended sediments,
microorganisms, or other insoluble materid.

Unconfined aguifer: (water table aquifer) An aguifer whose upper surface of the saturated zone
is a atmospheric pressure and free to rise and fall.

Unconsolidated: Loose, not firmly cemented or interlocked.

Underflow: The downstreamflow of water through the permegble deposits that underlie a stream.
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Unsaturated zone: The zone between the water table and the land surface in with the open
spaces are not entirely filled with water on a permanent basis.

Water divide: Point where the water table is at a maximum and flow does not cross.
Water table: The upper surface of the saturated zone.

Watershed: Areaof land that drainsto a single outlet and is separated from other watersheds by
adivide.

Widl: Verticd hole dug into the soil that penetrates an aquifer and is usualy cased and screened.

Well screen: Sotted casing that alows water to enter awell from the aquifer.
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